Oo. 


IN 


— 
Jour AL O 
eering | 


BASIC. REQUIRE 


Original rs and disc pers should be submitted tothe 

Manager of Technical Publications, ASCE. Authors should indicate the technical 
- division to which the paper is referred. The final date on which a discussion should _ 

reach the Society is given as a footnote with each paper. Those who are planning — 

submit material will the review and 


“ak e ceeding 50 characters and 


: A summary of approximately 50 words must accompany the pay Paper, a 300. 


are manuscript (an original ribbon copy and two duplicate copies) 
should be double-spaced on one side of 82-inch by 11-inch paper. Three 


of all ill illustrations, tables, be included. luded. 
‘The author's s full name, Society grade, and footnote reference 


stating: employment must appear the first page of the paper. 


Rane Mathematics are recomposed from the copy that is submitted. Because 


of this, it is necessary that letters be drawn carefully, and that special symbols be 
= Meares. The letter symbols used should be defined where they fn: 
in the illustrations or in the text, — in a 


: Tables should be typed (an ‘original ribbon copy and ‘two duplicate 
on one side of 8¥-inch by 11- ‘inch paper. Specific illustrations 


explanation must be made in the text for each table 
4 


Illustrations must be drawn in black ink on one side of inch 


4 
4 


8. ‘The desirable average length of a paper is 12,000 words and 
absolute maximum is 18,000 words. As an approximation, each. full ~~ of — 


text, table, or illustration is the equivalent of 300 words. cP, ee 


a "Technical papers intended for must written * the 


e author should distinguish between a list « of * “Reading References 
the of his paper. 


< 


al may be on | condition the full title, name 


This Journal is published bi- Society ot 

i 4 ~ Engineers. Publication office is at 2500 South State Street, Ann Arbor, Michigan. | a 
et Editorial and General Offices are at 33 West 39 Street, New York 18, New York. ee } 


index: for 1959 was as ASCE 1960- 10 (list price 
$2.00); i 


EM.HY, 


Je 
t 
=. 
— 
a 
fi 
Reprints from this Jd 
of author, ible for any statement made or opinion 
4 


No. A4 


ane: of the American Society o of Civil Engineers _ 


le: 


EXECUTIVE COMMITTEE 

John J. Baffa, Chairman; H. Loren Thompson, Vice Chairman; 
Lewis A. Young; Dwight F. Metzler; David H. Howells, = 
Samuel S. Baxter, Board Contact Member 

COMETTEE ON PUBLICATIONS 


William Ww. “Aultman; ‘William A. A. Cawley; John E. Kiker, 


duly, 1961 


E 


Tr -ickling Filtration Design and Performance 


survey of Sanitary Landfill Practices 

Copyright 1961 by ‘the American Society of Civil Engineers. 
2 of this Journal is the 1961- 28 Newsletter of the Sanitary 
The three preceding issues of this Journal a: are January 1961, March 


i, 
q 
q 
| | « 
q 
ia 
. 
- t 
Papers 
i 


— 


‘Storm Water er and Combined Sewage Overflows, by Samuel A. Greeley 
Paul E. Langdon. (January, , 1961. Prior discussion: 


— 
q 


duly, 1961 SA4 


SANITARY ENGINEE RING DIVISION 


a ina Proceedings of the American Society of Civil Engineers 


SANITARY CONSIDERATIONS OF “MILE OCEAN 


__ Engineering considerations are discussed that led to the establishment of a 
the basic and detailed design of the ‘5- mile submarine effluent outfall at the 
‘Los Angeles, Calif. Hyperion treatment plant. ‘Specific and general studies and 
— on ocean disposal of sewage effluent that were undertaken as part of * 
7 4 .. project are outlined. The design of the 5- mile outfall is developed wit al 


— to anticipated dilution, bacterial ee , and shore sampling results. 


Existing Plant and Outfall.—The activated sludge plant and 144- in. diameter 


x -mile_ ocean outfall completed at Hyperion, Calif. in 1951 were the culmina- _ 
tion of a movement begun in 1943 to clean up the beaches and correct a previ- _ 
_ ously unsatisfactory condition in Santa Monica Bay. The techniques then avail- a 
to design engineers for the establishment of required 


Float studies to determine current patterns; 
2. the equations developed by A. M. Rawn, M. “ASCE and H. K. Palmer, F. 
bi: Note.—Discussion open until December 1, 1961. 
~ month, a written request must be filed with the Executive Secretary, ASCE. This paper 
is part of the copyrighted Journal of the Sanitary Engineering Division, Proceedings of 
_ the American Society of Civil Engineers, Vol. 87, No. SA 4, July, 1961. Le. g =e 7 
1 San. Engr., Hyperion Engrs., currently Proj. Koebig: and 
-Engrs., , Los Angeles, Calif§ 
2 2 “Predetermining the Extent of a ot: Field it in Sea Water,” by A.M. Rawn an 
— K. — Transactions, ASCE, Vol. 94, 1930, p. 1036. iiieatitiaaintad 
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“the equations formulated by W. J. Houghton and H. Mason® 


empirical ‘relationships ‘derived from general observations of the per- 


‘formance of existing ocean outfalls in certain cases. 
— 


= intruding from the ocean floor, and the screening plant effluent that was - 
discharged had been inadequately treated a and resultedin widespread contamina- 
: _ ton. The existing one-mile 144-in. ocean outfall discharged plant effluent from — 
the high rate activated sludge process, that removed the bulk of the objection- 
able sewage solids tothe point at whichthe effluent had been physically accept- 
~ able inthe receiving waters as wellas amenable to chlorination as aneconom- — 
ical means of bacterial reduction. This outfall was made to terminate in a 
_ small diffuser approximately 4000 ft from the surf zone, providing minting of 
chlorinated effluent with the receiving waters at an offshore point. The 
combined treatment plant and effluent outfall system were designed to meet 
the state Board of Public Health Salt Water Bathing Standard that prevailed and 
to restore the beaches and general receiving waters toa satisfactory condi-— 
_ tion. The facilities were successful in carrying out their mission, all require-_ 
ments were met and the beaches became increasingly popular. i atte 
a Recent Developments.—On completion of the Hyperion activated sludge type 
_ treatment plant, the state-imposed quarantine of the bathing beaches was com- 
pletely lifted and the plant operations proceeded in large measure as was an- 
ticipated. The continued growth of Los Angeles resultedina need to expand the | 
a sewerage system and the treatment plant, and the mayor appointed a Citizens’ 
Committee to study the sewerage . problem. They held hearings into the matter 
and solicited various engineering opinions including two independent engineer- - 
_ing reports by private consultants. 4,5 These independent reports each showed — 
that it would prove most economical to continue to convey the city’s sewage Oo 
: Hyperion for treatment and disposal in Santa Monica Bay and that savings of 
_ fixed and operating costs would be enjoyed by expanding only the primary por- 
_ tion of the Hyperiontreatment plant and by constructing a long submarine out- © 
fallterminating in deep water several miles off Hyperion that would —— 
_unchlorinated primary effluent through a large diffuser into the cool bottom 
on _ The length of the proposed outfall, that was set at approximately 5 mil miles, 
was based largely on considerations of bottom topography and of the length 
a “needed to reach deep water at which the discharged effluent would become so © 
“ _ diluted with the stratified layer of coldand dense bottom water that it would tend 
to remain submerged. Furthermore, t the | distance from shore corresponding _ 
tothe desired depthwas approximately ‘equal tothe distance between the limits — 
of the contaminated area of the bay and the point of sewage discharge before 


3 “Extension of Green Point Sea Outfall, Capetown, by W. J. Houghton and H.C. 
Mason, uurnal, Inst. of Munic. and County Engrg., London, Vol. 58, September, 1931, 
i= “Opinions and Comment on Engineering Features of Sregeeet Solutions of the Sew- 

oe » Problem of the City of Los Angeles for Citizens’ Committee on Sewerage Pr ob- 
lem, George B. Gose, Chairman, September 1954,” by Richard R. Kennedy. ae Se 
“a 5 “Opinions and Comment on Engineering Features of Proposed Solutions of the Sew- 

.<~ Problem of the City of Los Angeles" for Citizens’ Commitine on Sewerage Prob- | 
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OCEAN OUTFALL 
days of the Hyperion activated sludge type one mile 
- outfall. Also, the bacteriological aspects of outfall depth, distance, and dis- 
charge rate in an equation by Richard D. Pomeroy, F. ASCE®, 7 intended 


" arrangements ¢ determined by the other means. The proposed system eased 
* offer reasonable certainty of success and, indeed some margin for contin- | 
_ gency, and the proposals were adopted by the Citizens’ Committee and recom- 


Because of the emergency nature of the sewerage and 
_ immediate need for facilities expansion, the city contracted for this and other 


Los Angeles engineering firms and with general review of the work by a board 
of consultants composed of R. D. Spencer, Chairman, F. ASCE, D. L. Narver, 

F. ASCE, I. F. Mendenhall, F. ASCE, F. D. Bowlus, F. ASCE, R. R. Kennedy, 

es . ASCE, and the City Engineer ‘of the city of Los Angeles represented by L. 
“Aldrich, F. ASCE, and his successor L. A. Pardee, F. ASCE. R. D. Pomeroy, a 
_*F:. ASCE, N. B. Hume, F. soe and M. Butler, F. ASCE acted as advisors. 


WATER POLLUTION STANDARDS —- 
“The . Los Angeles Regional Water Pollution Control Board9 prescribed stand- 
ards for the receiving waters tobe maintained under future conditions of opera- 
I q tion with the proposed 5-mile outfalland 7-mile sludge outfall. 10 Table 1 sum- 


_marizes the essential requirements of of these standards, withthe areas indicated 


in Fig. 1. _ The specified monitoring program, involving monthly offshore sam- 
] = and daily beach samples, has been in progress since December, 1957, 
during which time valuable background data for Santa Monica Bay have been 
- gathered, proving useful in e evaluating the | 5-mile effluent outfall mad its com- 
pletion in January, 1960 and subsequent operation. 


Sc 


General.—When the | engineers undertook the project of design, the aie - 
Los Angeles had barely begun its program of extended offshore studies as de- 


scribed by | C. G. Gunnerson, F. _ASCE!1 and due to the nature of the sewerage | 


> “Prediction of Probable Bacterial Concentrations Caused by Ocean Sewer Outfalls, 
Revised December 30, 1953,” by R. D. Pomeroy, Report to John A. Carrollo, Relative 
To Orange County Outfall Under Design, 
7 *The Empirical Approach for Determining the Required Length of an Ocean Out- 
fall,” by Richard Pomeroy, Proceedings, Ist Internatl. Conf. on Waste in the 
‘Marine Environment, Pergamon Press, New York, duly, 1959. 
_ 8 “Long Land Outfall Built through Baldwin Hills, ” November, 1957, p. 782; “Hyper- _ 
ion Plant Expanded to Treat 420 MGD,” December, 1957, p. 856; and “Two Long Ocean 7 ; : 
Outfalls Constructed,” January, 1958, p. 6, by D. L. ‘Narver, Jr. and E. H. Krenn dr. 
~~ 9 Resolution No. 56- 44, Los Angeles Regional Water Pollution Cuma Bd., Lo Los 
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emergency, these studies and others describedelsewhere by the writer!2, and : 
_ by the engineers}, proceeded simultaneously with preliminary investigations 


a a “decline of sewage bacteria in sea water. The initial bacteriological and 
“ae oceanographic findings indicated that there was less margin for safety than 
as “originally believed; therefore, the bacteriological aspect of the program was 


_ reasonable reassurance of success, including a margin of safety. 7 
sy Scope.—In addition to the vital bacteriological aspect and the study of cur- % 
rents, the establishment of time of travel of pollutants and time for bacterial 
decline, required the investigation of of and effects 


of discharge on marine resources. 

en 2,~OCEAN OUTFALLS STUDIED DURING DESIGN PERIOD OF NEW 

FIVE-MILE HYPERION OCEAN OUTFALL FOR EFFLUENT DIS- 


Size, in Length from Terminal Initial 
_ inches Shore, in | Depth | Dilution 


City of Los 
Angeles 
San Pedro Los Angeles 
Channel | County 
Sanitation 
_~Dists. 


Los Angeles 


“Orange 


Coast Sanitation 
Dists. _ 


areas of field included three general ocean sites 
off the coast of Southern California as described briefly in Table 2. The two | 
- areas outside of Santa Monica Bay were selected because they were fairly close | 
‘ by | and involved substantial primary effluent flows through major outfalls. The & 
San Pedro Channel site provided very deep water and the Orange County Coast 
sg site provided oceanographic conditions ‘similar in many ways tothose of Santa "aa 


ad Oceanographic Consultants .—A ‘complete and exhaustive oceanographic in- 
vestigation, embracing a an entire year, in« | order | rto cover ver cyclic a aspects, was: 


2 Discussion by Charles H. "iene and I David R. Miller of “Sewage Dienenal. in 
Santa Monica Bay, California, ” , by Cc. G. Gunnerson, Transactions, ASCE . 124, 1959, 


ae 13 “Ocean Outfall Design,” Hyperion Engineers, A Joint Venture, Holmes & Narver, 
Mann, Johnson & Mendenhall; and Koebig & Koebig, October 15, 1957. 


7 
a 
FF | 230 | 
q 


_ California, Los Angeles, Calif. This foundation specializes in oceanographic — 
research. . The work of the Hancock Foundation was begun in June, 1955, and» 
a completed » in August, 1956. Their final reports on oceanography were sub- 
Bureau of Sanitation.—The Bureau of Sanitation of the city of Los Angeles — 
- conducted oceanographic investigations in Santa Monica Bay from August, 1954 


to October, 1956 to gather basic data for use in connection with the design of 
= expanded facilities at the Hyperion treatment plant, and im the operation of | 
both the existing and proposed works. The have been 


OCEANOGRAPHIC FINDINGS 
Description of Monica Bay. —Santa Monica Bay is in Fig. 
Except for 3 miles of precipitous cliffs above a narrow, rocky beach cut into _ 
the Palos Verdes Hills, the entire bay coastline is typically sandy beach, ex 
cellent in character, well developed, and heavily used for recreation. 
” The bottom of the bay slopes gently from the shore to a depth of about 300 
ft, forminga shelf of from 3 miles to6 miles wide. There are two semi-diurnal - 
tides of about 3.5 ft average range. . Tidal and other currents are relatively | 
weak and random. _ Occasional heavy swells from far off in the Pacific Ocean 
we received, but the more common waves result from coastal sea breezes 
are generally light and variable in direction 1 although their greatest strength 
_ and direction is normally onshore. The Hyperion outfalls are the only known — 
Beet of sewage effluent discharging into the bay. Two existing subaqueous 
recirculation water systems f for steam power plants at El Segundo and Redondo 
Ea respectively, act in 1 combination with the existing Hyperion discharge 
oa tend to form a warm water wedge that reduces some of the — a 
a® water circulation from parts of the outer bay. 
_* ‘The area one might expect to be involved generally with the Hyperion | sac. | 
charge lies roughly between the cities of Redondo Beach and Santa Monica, 
_ Calif. Although the volume of water over this area of the continental shelf is © 
= 2,000 times the present daily volume of sewage, the actual available 
= of water for diluting the outfall’s discharge is far less than this value. 
This is true because of the relatively weak currents prevailing and relatively | 
“low = interchange of { water fresh from the Pacific Ocean with water of 
aa 14 “The Oceanography of Santa Monica Bay, California,” by Robert E. Stevenson, — { 
_ Richard B. Tibby, and Donn S. Gorsline, a Final Report submitted to Hyperion Engi- > 
_ neers by the Geology Dept., Univ. of Southern California, September 18, 1956; “Studies — 
= on Coliform Bacteria Discharged from the Hyperion Outfall, Final Bacteriological Re- - 
port,” by Sydney C. Rittenberg, a Final Report nines to Hyperion Engineers Licsle all 
of Southern California, August 29,1956. 
_ 15 “Contributions to a Biological Survey ” Santa Monica Bay, California,’ 
Hartman, a Final Report to Hyperion Engineers by the Geology Dept. of the Univ. of © 
16 “Plankton and Associated Nutrients in the Water Surrounding Three Sewer Out-— 
the in Southern California,” by Robert E. Stevenson and John R. Grady;a Final Report © 


=> 


= 


submitted to Hyperion Engineers by the + Geology Dept. of the 1e Univ. of § Southern Californ- = 


“a 17 “Submarine Geology of Santa Monica Bay, California,” by Richard D. Terry, eet 
A. Keesling, and Elazar Uchupi, a Final Report submitted to Hyperion Engineers by the | 


_ Geology Dept. of the Univ. of Southern California, September 11, 1956. * 
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* OCEAN OUTFALL 
Design Objectives of Oceanographic Investigations. —The general objective - 
of the oceanographic investigations was to determine that location of the out- - 
| lets from the outfall and diffuser system that would provide the optimum bal- 
c _ ance of economy and reliable performance in utilizing the receiving waters for | 
, dilution and dissipation of the discharge within the prescribed water pollution 
| control standards. . Dilution of the discharge i in the initial stage is determined | 
by diffuser characteristics and ocean currents. Subsequently, dilution is es- 
Shit by many complex physical phenomena including water mass move- 
ment, turbulence, and wave action. _ These phenomena and the factors affecting 
= decline must be studied for the individual receiving waters from which 7 
is possible to prepare a logicaldesign, 
_ Nature of Oceanographic Measurements. —Current meters were used to de- 
nie instantaneous velocities and directions, and float studies, drift cards, 
thermals surveys, and dye and tracer studies were used in evaluation of the net 
q water motion _in Santa Monica Bay. The work — has been described else- 
| where. 13, 14,15 A sample bathythermogram is shown in Fig. 2, which also in- 


cludes a ‘sample temperature profile of the shelf water mass in Santa Monica 
7 Bay on a line extending normally from Hyperion. A generalized circulation 
£ pera for spring and summer developed by ‘the Hancock Foundation is shown 
> in Fig. 3. A frequency distribution of surface currents passing the general 


_ proposed diffuser area 5 miles off Hyperion and traveling in a direction so as 
> to intersect the shoreline between the northerly limits of Santa Monica and the 7 
a _ southerly limits of Redondo Beach is depicted in Fig. 4. . (Average velocity xz 


was 31.0 fpm. Origin is 5 miles offshore. Critical area taken to be sector from 
northern limits of Santa Monica to southern limits of Redondo Beach, corres-_ 
ponding t to azimuths of 10° to 120° from The analysis and 
‘were the work of the Bureau of Sanitation. a ; 
> 
wf SANITARY RESEARCH AND } INVESTIGATIONS 
ee al.—This work combined the considerations of physical dilution of p 
sewage effluent and bacteria within the diluted mass as applied to specific ocean q 
outfalls and receiving waters. . Extensive field measurements were made for zg 
the three major ocean outfalls « described in Table 2. In addition, performance _ 
data were obtained for all major ocean outfalls for which offshore measure- — 


> 


_ ments were available. _ The data were analyzed for the purpose of confirming 7 


‘methods applied for the Hyperion outfall design. The various formulas for 
‘initial and subsequent dilution and of bacterial decline of sewage effluent dis- — 
charged from submarine outfalls were applied insofar as possible both to the — 


data locally obtained and the datafrom outfalls located elsewhere. a Tea- 


sonable appraisal of the merit of these formulas was possible. C ena 
“Field Measurements .—The bulk of the investigations involved measurements _ 
of the decline of the sewage bacteria in sea water following discharge from 
existing ocean outfalls described in Table 2. Laboratory data were available 
for the various effluents being discharged, particularly for the Hyperion plant 
effluent. Coliform concentrations of initially diluted effluent were measured _ 
-atornear the surface atthe point of emergence of the effluent field andsamples 
were taken at timed intervals along the path of the effluent field as it moved 
away from the area above the outlets. Frequently salinity measurements , tem- a 

_ perature measurements, or ammonia measurements, or all three ¥ were made, 
a means of Gilution. Identification of the 
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effluent field was accomplished by means of floats as wellas sea-marker dye. 
_ Samples were collected at depth on several occasions providing data from which | ene 
profiles of bacterial concentrations could be constructed. On a few occasions iy 
c an areal grid pattern of sampling covering several thousand square feet was — 
accomplished for surface concentrations of coliform bacteria within the effluent 
< "The re result of many observations for a given outfall and effluent were com-_ 
piled, studied and compared with those for the other receiving waters and out- 

7 falls under study. A special 24-hr offshore study utilizing radioactive scandium- _ 

as a tracer in the Hyperion plant effluent served to verify the “dye patch” 
technique as a valid method of “tagging” the effluent field, to measure relatively 3 
high physical dilution levels, and to demonstrate | the effects of non-dilution © 
phenomena, particularly sedimentation, as a cause of bacterial decline in an 7 

__ effluent field. The results of these various studies have been published by | 
the Hancock Foundation!5,16,17,18 and the engineers!4, The 
_ engineers supplemented these studies by : analysis of performance of various 
other major ocean outfalls as subsequently described. The object of all these 
7 investigations was to develop design parameters insuring adequate physical 
dilution of the discharge and most particularly adequate bacterial reduction —— 
Additional Performance Data. —Offshore bacterial data or chemical data or 
both were obtained from a number of ocean outfalls representing a variety of — 

effluents, outfall conditions, and receiving waters. These included the following: z 

the Deer Island, Moon Island and Nut Island Outfalls in Boston Harbor! 9; the 

New Bedford Outfall in Buzzards Bay29; The Mamaroneck and New Rochelle 

Outfalls, in Long Island Sound, N. Y.21,22; the Fort Lewis Outfall in Puget >, 

Sound, Washington23; the International Sewer into the Pacific Ocean near Tia- % 

_ juana, Mex. 24; and the Sand Island, Ala Moana, and Ward Avenue Outfalls of © # 

Honolulu, Hawaii. 250 Table 2 indicates the time of measurements, condition of ‘e 

abana, tie of data, and nature of data analysis. Some of the receiving 

Pl waters estuarine, andsome were open coastal waters with strong tidal currents 
or prevailing currents. These contrast with the receiving waters for which 
_: data were obtained and analyzed (open coastal type with random currents | 
latter are also included in Table 3. 
_ Application of Formulas. —The initial dilution experiencedbya subaqueously _ - 
“injectedstream of sewage effluent during its rise through the ‘surrounding ocean 


= 


_ 18 “Summary Report, Oceanographic Investigation of Santa Monica Bay,” Bureau of 


into Boston Harbor, Mass. Dept. of Pub. Health, House No. 1600, December, 1936. il 
_ 20 “Preliminary Studies on the Viability and Disposal of Bacteria in the Sea,” by » 
8B. H. Ketchum, C. L. Carey, and M. Briggs, Limnology, Water Supply, and Waste Dis- 


sal, Amer. Assn. for the Advancement of Science, 1949. 


“Radium as a Tracer in the Sewage Flow Measurements,” by T. G. Bullen and 
O’Connor, Sewage aad Industrial Wastes 26: 497-507, 1954. 
Sa “Radon in Sewage Outfall Studies,” by T. G. Bullen and W. F. O’Connor, Sewage 
_ “a An Investigation of Pollution in the Vicinity of the Fort Lewis Sewer Outfall,” 
- rh Technical Bulletin No. 10 State of Washington Pollution Control Commission, ome, 
ea Travel of Pollution in Shoreline Coastal Waters,” by I. Nusbaum, #. E. Miller, © 
W. Reinhardt, Proceedings, ASCE, Vol. 81, August, 1955, p. 781. _ 
25 Report | on Ocean Current sat Stes fo for Sand Island Outfall Sewer, Honolulu, aha, 
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waters: has been the subject considerable study. Tt ‘The subsequent physical 
- dilution and bacterial decline of the initially - ~diluted mass or “sewage field” is g 


sequent dilution and decline ‘than ¢ to initial dilution 


45 
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FIG. 4. _DISTRIBUTION OF CRITICAL ONSHORE CURRENTS 


formulas for initial dilution of sewage on submarine injection 


oar An Investigation of the Efficacy of Submarine Outfall Disposal of Sewage and 
Sludge, for the State Water Pollution Control Board, Berkeley, Calif., by E. A. Pearson, 
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Pomeroy§; Rawn, F. R. Bowerman, and N. H. Brooks29. The 
_— well- -known Rawn and Palmer formulas cover both initial dilution and subse- = 

¥ 


- eet dilution and bacterial decline although they were not designed to apply to : : 
very large diffusers. The original Rawn and Palmer data for initial dilution 
8 reanalyzed by Rawn, Bowerman, and Brooks utilizing hydraulic similitude _ 
have furnished valuable graphs for predicting initial dilution for allkinds of § 
outlets. The Houghton and Mason formula covers initial dilution only. Conway’ 
formula is for subsequent dilution and bacterial decline as are also the Pom-— Zz 
 eroy and Brooks formulas. The Houghton and Mas 
_ Rawn and Palmer’s and permits application to brackish as well as to salt wa- 
Because the outfalls in question were all salt water outfalls and because 
bs ws _ the Rawn and Palmer formulas had graphs to expedite their use, the latter were 
by the writer in preference to Houghton and Mason’s formula. 
_--' The current flux formula was also applied where applicable for the deter- 


., ~ mination of initial dilution. This particular formula is presented subsequently 


in conjunction with the Brooks formula. The basic formulas with their effect | 
= _of initial dilution and components for physical dilution and bacterial decline or 
“die-off” as follows: Formulas" for initial dilution of stream sewage « effluent — 
a "darn rise from the discharge point to surface or vertical equilibrium point 
will be included because sewage field spread: and dissipation are partly ae 
of Initial Dilution.—The Rawn and Palmer is 
0.61 12.35, 


in which ‘the: ‘initial dilution is of sea oa water- ctflent 
mix/one volume of effluent; Q is the discharge rate of effluent and L refers to. 
the length of travel of rising cone or jet from submerged outlet to the ocean 
P surface of intermediate point; X_ denotes the radius of virtual ring from which a 
the sewage effl effluent D the port outlet diameter. 


a “Biochemical Surveys,” by E. J. Conway, Report on the Condition of the Sea Water — 
= F Resulting from the Present West Pier and Brandy Hale Sewage Discharges Dun Laog- — 
_haire; private Report of ssineneannee by E. J. Conway, Prof. of Bacteriology, University 
28 “Diffusers for Disposal of Sewage in Sea Water,” by A.M. Rawn, F.R. Bowerman, 
N. H. Brooks, Proceedings, ASCE, March, 1960, Vol. 86, No. SA 2. ee 
_ 29 “Diffusion of Sewage Efficient i in an Ocean Current,” by N. H. Brooks, Proceedings, 
is Internatl. Conf. on Waste Disposal in the Marine Environment, Univ. of Vannene, 
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which U is the current. velocity » denotes | the width of 


in which yd denotes the submergence of the discharge | outlet. The Rawn, Bower- = 
man, and Brooks equation is 


which F denotes the Froude number fort the ‘outlet 


Sx or SR or St refers to dilution at x distance R radius or 


ert 


n which erf denotes the standard error function and € is is , the ‘diffusion coeffi- 
ent. In | Eq. 9 St ist taken in the center line of field and prepresents the maxi- 


Pomeroy equation is 


So 


inv which Co the concentration of ~ “boil” or ow 
and CR is at R radius from the “boil” or . The Brooks 


which T the time for of an any selected portion of the 


| 

i 
| 

4 — 

: 

4 


the « boil” o or origin. In Eq. 12 represents the m maximum bacterial con- 


ings 


\(co\ 


The equation is 


in which Ngo denotes" the eighty- percentile o or. coliform ‘concentration value 

that will not be exceeded more than 20% of the time. It is of significance in the | 

California Salt Water Bathing Standard. 

‘The engineer’s reportl4 contains considerable illustrative data ont the appli- — 

cation of Eqs. 1 through 20 to actual outfall performance data. _ ieee a 
The formulas for physical dilution, both initial and subsequent, and for bac- “a 
_ terial decline are empirical at least to a degree. _ The greatest differences 4 

- among the formulas appear in the formulas for spread and dissipation of sew- 

_ age fields. Some of these have rigorous derivation of at least a portion, and - 

all require use of empirical coefficients. The Pomeroy formula, Eq. 20, has 

-asingle coefficient andis intended to yield only approximate results. The Rawn 
and Palmer formulas are “slanted” towards: ae the position at which- a 


&g 
» 
ComponentS'U0 ; all Formulas 
— 
which The Conway equations are 
q | 
— 
| 
— 


OUTFALL | 


bacte rial decline will have been on sufficient to bring compliance with the California 


20% of the time. ‘The ‘Conway formula, Eq. 17, is a monomolecular equation e 
describing a curve of least fall of sewage effluent concentration under the in- 
- fluence of tidal currents but is also purported to be applicable to shore con- 
centrations in the absence of a shelving beach. Brooks’ formula, ‘Eq. 19, is. 

_ designed primarily for large submarine diffusers yielding deep sewage fields 
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PHYSICAL DILUTION RATIO ONLY. | 
: RAWN AND PALMER CURVES TERNINATE | 
AT PHYSICAL DILUTION OF 225 A ; 
ABOUT WHICH POINT COLFORM a 


FIG. 5 _—ILLUSTRATION OF MAJOR FORMULAS FOR SPREAD AND 
_ DISSIPATION OF SEWAGE FIELD IN SEA WATER 


og 
under the influence of a unidirectional current. . The ee 
an exponential component similar to the Conway formula. 
Ea _ For the purposes of this paper an illustration is presented for a single hy- 
Po an outfall condition to which the four major formulas are applied. Fig. 
g the four general describing the spread of a 
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The Pomeroy and Conway curve shown in dilution 


% reduce them to a common denominator, the following eae have been 
a made reflecting reasonable conditions often actually experienced: Q = 100 mgd, a 
> rate; Y = 50 ft, outlet depth; U = 0.33 knot = 0.55 fps, average cur- 


“a rent; So = 20 initial dilution; b = — ft, initial field width in Brooks formula; a . 


Co = 20,000 coliforms per milliliter, concentration in “boll”: 
N80 beth. 80 percentile = 5 N50, : assumed for this example; N50 = 50 percentile 
or geometric mean density of surf sample; T = T-90 SN hr per 90%decline, 
overall, due to all causes including turbulent it diffusion; and 
K 1.25 x 10™ per ft, 


op 


e = Conway’s K 


7 
the same e criteria, as will be pointed out in the comments 
the individual curves appearing in Fig.5. 
The Pomeroy curve, as such, shows only that bacterial decline occurs as 
the square of the distance from the outlet in the case of random currents. . The 
end point, where the 80-percentile is reduced to 10 coliforms per ml, is actu- 
ally off the plot, occurring at 17,300 ft. The Pomeroy “K” is an empirical co- 
__ efficient applying to the effluent and receiving waters inquestion. = 
re The Rawn and Palmer curves show that physical dilution proceeds as the a 
square root of the distance under quiescent conditions. The coliform organ- 
isms are not related to physical dilution directly but only to the “end point” of | 
_ physical dilution that is taken to correspond to a coliform level of not more 
than 10 per ml. The distance required to meet this “ “end point” under quiescent 
conditions varies inversely as the square of the initial dilution. When a cur- 
rent condition is superimposed, the additional downcurrent travel is increased 
_ in accordance with interrelated equations previously noted (Eqs. 1- 20). 
_ The Conway curve is distinguished by its exponential nature. It represents - 7 
a. “condition typical of “apparent” or bacterially measured dilution ratio. In 
_ order for the coliform count to be reduced to 10 per ml under the assumptions 
of the example, a distance of 26,400 ft is theoretically required. tes 
a a Brooks formula curve shown in Fig. 5 is restricted to the component for 
_ physical dilution ratio due toturbulent diffusion. The bacterial decline element, = d 


. "which is is not shown, is similar in nature to that of | Conway. ‘If the true bacterial © 
“* - decline rate were 4 hr for 90%decline by all causes except dilution by turbu- — 
Ss diffusion, then the physical dilution curve of the Brooks formula would be 


directly additive to the Conway curve shown because of the particular values” 
a Conway formula has been of particular interest to the writer because 
a it has provided a ready basis of comparison among many differing outfall con- 4 
ditions with either actual, chemically -measured physical dilution or “apparent” 
bacterially-measured overall dilution. Theoretically the logarithm of the dilu- 7 


oe tion ratio is bn serene to the distance from the outlets, raed the value of the 4 


— 
_ ratio by bacterial dens al dilu-- 
ratio only. The Rawn and Palmer curves terminate at physic llution of 
As 
values assumed for initial dilution in the Rawn and Palmer curves.); 
i 
g 
2 
ved 
a 
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SA: 4 


has: been found to decrease with distance in a mest fashion as 

illustrated in Fig. 6, showing the best fit curves for ten different outfalls rep- aa 7 

-resentinga variety of discharge conditions and receiving waters. These curves 
include both chemical and bacterial measurements and involve both direct down- 

stream distances inthe path of well-defined tidal currents and oblique distances vi 

from an offshore coastal outlet to a beach station with r random currents inter- ies 

- vening. . The values of the exponent “K” vary widely among the various curves 

of each category of measurement, thereby discouraging the direct transposition 

of the results from one area to another area. Where there is an appreciable 

difference between values of initial dilution for outfalls discharging into the 

same receiving waters, the higher initial dilution condition always showsa 
lower value of “K” atagivendistance. 
Because the curves allgenerally resemble equilateral hyperbolas and sug- 
yy gest asymptotic values of both ordinate and abscissa, the writer attempted to fe 

fit these curves with a general equation by substituting into 
equation of an — Pree 


in which Ko, «a? are constants the 


-K 


Eq. 22 have meaning, it is necessary that Ro be in by 
e. . “sign, that is, that the curve must regress to an origin of minus time or minus ae 
all distance, because distance and time are equivalent for the presumed current 
Ds 3 conditions. This is not in conflict with the concept of an outfall versus a true — 
‘point source in developing diffusion, and it has been found that the curves of - 
it a Fig. 6 did show origins of minus value. Four such curves are depicted in Fig. _ 
ve > a curves. satisfactory curve fits were possible for these and some of the other 
= i curves. . However, the curve fitting in general was not sufficiently — 
. to warrant presentation of Eq. 22 for other than illustrative purposes. __ ie 
i *. Eq. 22 is of a general, empirical nature describing dilution ratio, either 
_ “apparent” by bacterial measurement or physical by chemical measurement, a 
for a sewage effluent field as it travels away from the outlet(s) under the in- + 
fluence of either tidal currents or random currents, as measured for a variety 
4 receiving waters both at shore points and offshore points. — 7 
will be noted that Eq. 22 embodies two components. Provided Ro is always 
"negative, the first element provides for an initial rapid increase of dilution 
‘a _ ratio that proceeds at an ever decreasing rate, eventually reaching a virtual 


a but only vestigial in degree, suggesting long term tendency for continued de- 
cline ofthe discharge, both cl chemical and bacterial, andeven continued increase 
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in physical d dilution but : all ata greatly reduced rate. Eq. 22 and ‘the curves of 


- Fig. 6, from which it was derived, suggest that there is a limit to the sos ; 
for the receiving waters in The formula shows 
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for of the outfalls studied. took the form 
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SA = j 
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SEWAGE 


duly, 1961 


= which n, the anion was found to vary from 0.11 to 0. 37 for chemically- 
measured dilution ant from 1.33 to 2.63 for “apparent, _bacterially-— 


the straight on the log- log plots » indicating the data were not entirely 
In summary, the investigations intothe applicability of the various 


a 


i, 
Per estimating initial dilution over a ocean cutfall out or dif- 
fuser the three methods of Rawn and Palmer curves; Rawn, Bowermen, 
ey _ Brooks “jet analysis” curves; and current flux formula, Eq. 4, should all be | 
ae used. The average of their somewhat ree results w: will probably be a sat- - 
2. For describing subsequent physical dilution and bacterial decline, the 
of Rawn and Palmer, Pomeroy, and Brooks and of Conway as herein 
__- modified, were each found to have their merits and limitations. Further dis- | 
and evaluation of these formulas appears elsewhere.’ 140 
Decline Rates s of Coliform Bacteria. a.—The anticipated discharge from the 
effluent outfall is a blendof primary effluent and standard- rate activated 


4 ‘effluent. When unchlorinated Hyperion plant effluent has been discharged —— 


the 1-mile outfall into Santa Monica bay, a reduction rate of 90%each 6.5 ar 
for the existing modified high-rate activated sludge effluent, and a reduction — 
rate of 90% each 3. 8 hr for the primary effluent alone have been observed. 4 


These figures represent an empirical overall decline rate for coliform bac- a 
+ teria in the surface waters, incorporating all factors contributing to bacterial — 


ton. . Comparable figures established for decline ‘of coliforms from the | primary — 
a P effluents discharged at Whites Point and at Orange County coastline are 4 hr > 
and 1.5 hr, respectively. The values developed for Hyperion discharge were 
therefore felt to be both reasonable and conservative. = 
4 The engineers utilized the services of N. H. Brooks, M., ASCE as a con- — 
sultant on matters relating to diffusers and diffusion of sewage effluent into 
sea water. | They also made use of Brooks’ formula, Eq. 9, for physical dis- 
persion of an established sewage field by eddy diffusion within a water — 
in motion having first ascertained its applicability by using specific field data 
involving chemically-measured dilutions. Eq. 19 incorporates a factor for de- 
cline of coliform bacteria in sea water by all of the agencies except turbulent 
a diffusion. The latter factor is described by Eq. 11 - The engineers established © 
values for the corresponding time for 90% reduction as applied to the Hyperion © 
_ discharge offshore andfoundit tohave a geometric mean of 4.02 hr for one set _ 
2 ~ of three observations, 8.91 hr for another set of five observations, and 2.53 hr 
for a third set of four observations. The overall geometric mean yielded a 
value of 4.72 hr. The engineers adopted a design value of 8 hr per 90% coli-— 
_ form reduction, as a matter of conservative practice, this value excluding only 
the effect of physical dilution by turbulent diffusion in causing coliform decline. 
7 _ This would mean, for example that if the coliform concentrations within a 
4 hypothetical sewage field were to be reduced from say 10,000 per ml to 10 per 
ml by the time the field moved from its origin to the surf area, a period of 24 - 
hr would be required, ignoring any actual dilution benefit derivedfrom turbulent 
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method of Pomeroy, 30 log probability plots of the results for the respective 
stages of treatment were made. Also arithmetic and geometric means were a 
computed. The plots appear in ‘Fig. 8. The most significant data appear in 


: © the final slant effluent before chlorination, and the plant influent. Following a | 
é 


oF For many years, the experience of Los Angeles’ Bureau of Sanitation has | oan 7 
been that for the most probable number (MPN) of a series of beach counts at 
_ any of the beach stations in Santa Monica bay, a geometric value of 2.5 coliforms 


Bnd ml was the approximate | limit beyond which the Salt Water Bathing Standard 


greater than 10 per ml. The engineers assumed that the coliform 
count of the future primary plant effluent would more nearly correspond tothe 
present plant influent than the present effluent from the primary units. Thus, 
the geometric mean value of the plant effluent would be taken to be El 
mately 350,000 coliforms per ml. If this figure is combined with the required 
geometric mean of 2.5 for the beach stations, the required reduction in count © 
2 will be in the ratio of 140,000 to 1. However, it was felt that the great length 
ca of the proposed outfall and the large dilute effluent field to be established a q " 
the type of diffusion proposed wouldtend to decrease the variations in the beach 
a ‘counts and increase the critical figure of 2.5. This would, in turn, reduce sce the _ 
— For the purpose of the theoretical studies for diffusion and length of outfall, ie: 
‘initial coliform density of 600,000 coliforms per ‘ml inthe effluent discharge 
= = was used for all computations. This corresponds approximately to the pri- = 
mary effluent 50% occurrence value plus one standard deviation, and it is only 
% _ slightly lower than these corresponding values for plant influent. This 600, 000 
- * per ml figure was felt tobe conservative in view of the analytical data of Table 
. -. and the long term geometric mean of 400,000 coliforms per ml predicted by 
- = Bureau of Sanitation . To reduce the 600,000 per ml effluent coliform den- 
sity to not more than 10 per ml, the 80 percentile figure of the California Salt 
‘ Wane Bathing Standard, an ones reduction of at least 60,000 is required. q 


length during the yp stages of the had always involved figures 
of at least 5 miles.? Bond issue funding itself had been based on this length. co 
The approximate 5- mile length wds developed on the basis of reaching deep wa- * 
stratification, and because of the limitation placed on economical submarine 
¢ es construction beyond that point due to skyrocketing diving costs. This proposed 
; outfall length also harmonized reasonably well with water pollution abatement 


was found that not only was this distance adequate for ob- 


- ter sufficient for provision of coid diluting bottom water for subsurface =e 


relatively flat bottom area was available at a distance of about neo miles di- 


t rectly seaward from Hyperion. As pointed out by Brooks,29 this aa 
“Statistical Treatment Bacterial Data,” by D. wage and 
Industrial Wastes, Vol. 27, p. 85, January, 1955. 
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: Geometric Mean 366,000 259,000. 
250,000 
= 550,000 


Data correspond to those plotted in Fig. 8. 
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4 
OCEAN OUTFALL 
levelness simplifies 1 manifold de design and dpredictability be — under all con- 
ditions Of ‘discharge, the discharge from an individual diffuser port remains 


_ The concept of the anticipated magnitude of initial dilution for the proposed 
-diffuser system was developed approximately as follows: 


Design flow, year 2000 avg 420mgd (650 cfs) 
Prete flow, year 2000 peak 600 mgd (928 cfs) 
Preferred type of diffuser — -two wye 2) 


design flow per foot of diffuser length-0.116 cfs 
ie Approximate outlet port spacing to prevent mutual interference at 200 ft a 
amine depth— —about 100 feet, between ports on same side of pipe as- 
suming ports “staggered” on alternating sides of pipe ca 
‘Total number of diffuser ports, both legs, both sides of = 
Port discharge at design peak flow—5.8 cfs, average meg ; 
Port discharge at minimum flow—0.6 cfs approximate average 
Cross sectional area of ocean outfall also of two main diffuser legs— —113. 2 
Aggregate diffuser port area—about 56 sq ft one- -half of 
cross sectionareaofpipe) 
“Average port discharge velocity at design peak flow— 16. 5 fps me 
“Average port discharge velocity at minimum flow—2. -T7 fps — poo 
Average port diameter at 0.35 sq ft per average diffuser port—8 in. (0. 0.67 a 


D —-¥(0.027) (32.2) (0.67) 


4 


4 At design peak flow it was ; 21, 7 
Initial Dilution — 60, minimum and at design peak 
The foregoing arrives at a minimum ‘initial dilution presuming 
in 


significant ocean currents. In this case, the individual jets create a ‘move- ; 
_ ment of diluting water past the diffuser legs. This quiescence is rarely, if : 
ever, the case. A 0.1 knot current (0.169 fps) intersected by, say, a 4,000 ft 
width of diffuser pattern in 200 ft of water depth is capable of supplying 135,000 
cfs diluting flow past the diffuser. Because of upward deflection of the injected _ 
effluent, not all of this moving current becomes effective in diluting the ce 
jets. However, if only 45% of the moving mass of water is engaged in diluting 
injected effluent, then the peak 928 cis an 
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138, 000 (0. 45) 
928 = 65. 


jection would be 4000 ft wide and 90 ft deep moving at an. average > velocity of 
0.169 fps, equivalent to 60,900 cfs of effluent field as compared to 928 cfs of | 

: effluent or an initial dilution of 65.5 5, for this particular current orientation 


Subsequent dilution of. ‘the effluent field formed initially by the r rising dis- 
es charge from the diffusers as formulated by Brooks contains two basic elements. 


: a The first, Eq. 9, relates purely to physical dilution due to turbulent diffusion, _ 


- and the ‘second, Eq. 12, represents all of the agencies responsible for decline | 


a a of sewage bacteria in the sea water except the agency of physical dilution due | 


to turbulent diffusion. The overall reduction : of sewage bacteria can be com- _ 
puted by combining these two basic elements, Eq. 19. The coefficient of eddy i 
diffusivity, entering intothe physical dilution component, is ‘capable of evalua- 
tion by field measurement. This component is developed rationally. The co- — 
efficient of bacterial decline is similar to that originally developed by H. Chick, 31 

ai being an empirical exponent describing the behavior of the bacterial aaiiiiien 

over a period of time. This exponent must also be evaluated such as by dye - 
patch sampling and coliform determinations at intervals of time. The advan-_ 

_ tages of the Brooks Formula are that the elements influencing subsequent tef-— 
fluent field dilution such as ocean turbulence, initial field width, andocean | cur- ~ 
rents can be individually taken into consideration to suit the actual or antici- 
pated conditions of operation, or both, with any diffuser system and receiving 7 

waters. The bacterial decline exponent, however, can be computed by the for- 
‘mula from field measurements and applied to the formula to predict overall = 
_ bacterial decline. The physical dilution component permits extrapolation. This _ 

- ‘then provides a somewhat more refined means of expressing and anticipating _ 

‘ overall bacterial decline within the sewage field than does a single bacterial i 


decline exponent incorporating all the agencies of decline including dilution - 7 


_ turbulent di diffusion. + In some circumstances the additional precision to be ob- 
tained by use of the Brooks formula is completely warranted. In other cases, _ 
| especially where the value of “time” is large and ocean turbulence is relatively - 
low, the bacterial decline component predominates, and the unavoidable uncer- 
i tainty of the bacterial decline coefficient obscures the precision of the physical 


ey 


ak, b2 ct 


31 “Investigation of the Laws of Disinfection, ” by Harriet Chick, Journal of — ° y 
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in which e is the base of natural logarithms; k denctes the decline rate of — oe 


- bacteria insea water due to all causes except turbulent diffusion; Tis T- 90, 
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FIG. 9. — OF OF A FIELD IN OCEAN WATER | 


the equivalent of k on a scale of common logarithms, the time hours, for 90% s 
_ decline of sewage bacteria in sea water due to all causes except turbulent dif- ee 
_ fusion; € refers to the turbulent diffusion coefficient or eddy diffusivity; Eo is ¥ 
“the initial eddy diffusivity, Santa Monica bay taken as 1. -84 p4/3 perhr; 
«Cy is 1.84 ft 2/3 per hr, a constant, applicable to the mildly turbulent Santa i 
_ Monica Bay; C1 is 3.68 ft 2/3 per hr, applicable to < ocean Pe water of | 


— 
| | 
| 


. 2/3 per generally appli-— 
“cable to ocean waters of “greater than normal” turbulence. a 
: ue The dilution ratio, St/So, is the reciprocal of the concentration ratio and is | 
taken to represent overall “apparent” bacterial decline if both the numerator, = 
, and the denominator, ert, so on, are used. If only the denominator is 
used and the numerator is equal to one, then the dilution ratio | represents: the 


oe in preys dilution alone, over that initially — as a function of 


marine e diffuser under the influence of a uniform unidirectional current so _ 

2! the only independent variable is time. For the curves shown in Fig. 9 C, is” = 
SS 1.84 ft 2/3 per hr. The families of curves presented for various initial field — 
x widths are representative of mildly turbulent receiving waters such as Santa 
* - Monica Bay whose value was measured by Gunnerson. 12 Use of the “Universal” 


_ value for “normal” turbulence cited by Pearson24 would steepen the curves. 


Be The curves show increasing dilution ratio benefit with increasing time, with | 
a increasing turbulence, and with decreasing initial field depth. _ Nevertheless 
initial dilution is desirable from the overall standpoint. = = 
a As an illustration for Santa Monica Bay, a sewage field of initial width one 


5,000 ft would increase its initial dilution by only 1.35 times in 10 hr, but one 
_ of 50 ft initial width would increase its initial dilution 38 times in the same 
period. However, the overall dilution of the former field would still be better | 
than that of the former because of its high initial dilution, which also affords 
‘a The bacterial component of the formula would state, for example, that if oo 
-_ -diffusion decline rate for bacteria was aie each 8 hr, then in 24 hr the 


= ” an ra 
1024/8 = 103 = 1000 times: or 3 
SER 
‘DESIGN OF OF outwass. AND DIFFUSER 
Preliminary Trials. —The preliminary work of Pomeroy that of the 
~ indicated that a length of outfall of 5 miles would be adequate to meet _ 
all requirements. . The relationships developed by the engineers were based 
on a utilization of Conway’s formula, Eq. 17, applied to field data for a num- 
3 _ ber of ocean effluent outfalls including those of Whites Point, Orange County, : 
and Hyperion. The preliminary trials utiliziag this formula and the results of | 
B' these investigations indicated strongly that 5 miles of outfall length was ade- 
ie quate; the chief uncertainty lay in selecting the precise empirical coefficients | 
and subsequently establishing the predicted beach counts. The offshore bac- 
terial and oceanographic data provided by the Hancock Foundation and the Bu- 
-reau of Sanitation during the course of the preliminary design and first stages — 
of the final design formed the basis of final design of the ocean outfall and dif- 
fuser. Selection of outfall diameter was based on economic studies of a more 
routine nature, in which fixed and operating costs of the outfall-diffuser sys- 
tem and pumping plant were investigated, fora number of possible combina- 
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Alternate Diffuser four | diffuser schemes depicted 


in Fig. 10 were considered in some detail p prior tofinal design. For Fig. 10 the 
_ effect of lateral fieldspread by rising jets and diffusion is consideredinversely | 
proportional to current were all adaptable to the bottom to- 
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secondarily. ‘Performance aspects included initial dilution, bac- 
terial decline for various directions and magnitudes of ocean current, _prelimi-— 
A nary predictions of manifold and pumping hydraulics, ease of maintenance, and 


amenability to future extension if required. Scheme A-1 was finally selected, 
| Influence of Currents Upon Dilution and Coliform Decline.—Figs. lland12 _ 
— show the ‘predicted coliform densities at the surf zone for alternate diffuser a 
schemes A- land C under the influence ofassumeduniform currents of various 
m-sh shore directions and various magnitudes. _— curves for schemes wine and 


out to yieldapproximately comparable results for roughly equivalent totalcosts 
7 of outfall and diffuser. They were developed to permit evaluation of certain 
basic patterns from considerations of performance primarily and of cost 
| 
| 
| 
| | 
| 
q 


were similar to those of Scheme A- coliform density of 
- 600,000 coliforms per ml in the discharge effluent is presumed and the mini- tae 
_ Ms mum dilution anticipated from any diffuser under any condition of current and | 
. 4 discharge is taken to be 60. All dilutions are based on a peak design flow of 
a 600 MGD. Stronger currents give higher initial dilution but the field 
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The so- -called “Current Flux Formula, ” Eq. 4, that was used ina 


4 
> 
600,000 COLI/ML IN PLANT EFFLUENT | 
q 
based, the depth of effluent 
: tations on which the diffuser operation figures are of Ghee 
er dtobe 90ft. This figure was obtained — 


the action ofa 0. 1 knot shorewardcurrent,a discharge of 600 MGD, and a mini- nt Fs 
mum field width of about 3700 ft, the minimum estimated diffuser projection sf : 


for any current heading towards critical shore areas. Actually, an initial di- 


COLI/ ML VS. 
COLI/ ML VS.| CURRENT VELOCITY 
| 600,000 \COLI/MLI 
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widths of the ‘sewage field used for the c computations of wye diffusers were the 
- widths of water masses intercepted under the various current directions i 
an allowance for additional spread of the forming field due to diffusion andthe __ 
paths of the rising jets. In the case of the straight line diffuser, scheme C, 
_ the minimum a of f the field was that which, when combined with a depth of 


q 
x 


©, 1 knot onshore current parallel tc tot the diffuser 
- yielded a1 an ‘initial “dilution of 6.0. For 600 MGD this width would be about 3700 

«ft. . Whenever the 0.1 knot current was at an oblique angle to the outfall suffi- a 

2 f ae to result | in a width greater t than that computed for onshore current, the ps 

assumed depth was decreased to maintain the dilution at 60. However, witha 

normal current geesenteticn the initial dilution would exceed 60 by an appre- 

_ A comparison of the curves showed no outstanding advantage of one type of 
“aittuser over the other. The wye ewer (A-1) showed slightly better results 


‘slightly better ‘advantage with cross. ‘current. The theory has been advanced 
~ that a straight diffuser intercepts random currents better than a wye type dif- _— 
This is true, but the over-riding factor in the case of the 


a the wye type diffuser provides the best protection to the beaches at Hyperion. 
a In all cases the Brooks formula, Eq. 26, was applied utilizing a coefficient of 
5 * initial diffusivity of 1.83 and a coliform decline rate of 8 hr per magnitude. 
For flows less than the ‘design flow, the field width for the straight cifuser 
with an axial on-shore current will probably decrease roughly in proportion to 
the flow, maintaining the initial dilution due to aspirator action alone. How- 
i a ever, the width of field for the wye « diffuser is fixed by the size e of the ‘tees 7 
irrespective of flow, resulting in an initial dilution that will be larger for the © 
e. smaller sewage flows. For the near future, therefore, there is a distinct ad-— 
vantage inthe wye-type of diffuser. In addition, with the wye there is a better — - 
7 es ‘possibility of forming a submerged effluent field because of higher initial di- a 


Selection of Diffuser and Outfall Pattern.—Scheme A-1 was selected in pref- 1 


erence to the other schemes because it provided a desirable physical dilution | 7 


and coliform decline pattern under all the critical directions of current past of 


4 the diffuser, because the diffuser length was not excessive and gave promise 


ne of reliable hydraulic performance in addition to satisfactory initial dilution, a Di 


B and because the scheme was amenable to outfall cleaning and possible a 
- outfall extension. In addition to this it had the least estimated construction 
= of any of the combinations studied. Neither scheme C nor scheme D was” = 


a particularly amenable to outfall extension or to passage of a cleaning device in ¥ 
through the main outfall for maintenance purposes. Scheme B, although simi- 


lar in concept to thst of scheme A-1 appeared more ‘costly and less reliable in ¥ 
In Fig. 4, the average on- -shore current the 110 sector 


= is 31 fpm,and these on-shore currents represent 45%to 50% of the total — 


of currents passing the: Smiles offshore No direction pre-— 


that the travel time from 5 miles off Hyperion to any diene shore station 
Zz exceed 15 hr in 98%of the time. The Bureau of Sanitation computed the 
4 _ probable fastest movement of the effluent field from the 5-mile pointas reach- _ 
ing the surf zone after a minimum of some 20 hr. The Hancock Foundation me 
or observed | no current velocity past this 5- -mile ‘point in excess of 0.50 knot and > 


: determined that outside of the littoral waters the usual velocities were 0.27 knot | 


4 


=- 


| 
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i or less. These values would not be expected to be exceeded as much as 5 20% 1 
_ Figs. 11 and 12 are based on an assumption that the effluent field travels son 
7 shore in a straight line under influence of the uniform current velocity through- 
out the entire distance. ‘This assumption over - ‘simplifies the actual 
i ne inthe ocean, but the assumption is onthe side of safety. Both the direction and 
3 the magnitude of off-shore currents have been observedto vary considerably so a 


that an effluent field actually never moves on-shore along a straight line but 


rather along a curving path thereby increasing the actual transit time. Also, — 
the currents are found to decrease in magnitude as the water mass sree 
the shallower water. Table 5 illustrates the computations for the adverse cur- : 
‘rent direction of north 90° east as , depicted in Fig. 11. 
culations, the coliform density of the discharge effluent was taken at 600 ‘000 
coliforms per ml, and the rate of bacterial decline was 90%each 8 hr due to all 


causes except dilution by turbulent diffusion. Table 5 illustrates that for in- — 


: ~ creasing magnitudes of onshore current passing the diffuser; ‘the initial dilu- 
tion is increased, due to the greater supply of diluting water available, but the 
™ for coliform decline is curtailedand the overall coliform decline becomes - 


TABLE 5. ~SAMPLE COMPUTATION OF OF “ADVERSE C CURRENT DIRECTION 
7 


dilution | decline decline 
| 168 | 692 =| 1300 


= 


= current results in a coliform count of 15.6 at the beach ; and susrhroeor 


magnitude of 0.20 knotand a beach count of 2.05 coliforms per ml, well within 
the requirements of the State Water Pollution Control Board. ee Nik 
la The onshore current magnitude estimated by the Hancock Foundation to ex- 
ceed 0. 27 knot less than 20% of the time is found by interpolation to reach a 
peak at about north 60° east current direction in Fig. 11 and to correspond o 
a beach count of about 10 coliforms per ml. The measured offshore coliform 
@ates rates previously described showed an 1 overall geometric mean of 4 : 


: to a travel time of 15.1 hr. A travel time of 22.7 hr corresponds to a —f 


hr per magnitude exclusive of dilution due to turbulent diffusion as compared a ‘G 


= the value of 8 hr used in preparation of Figs. 11 and 12. Therefore, both the 
* conservative allowance for coliform decline rate . adopted in the design com- ¥ 
‘putations and the statistical probabilities a low occur- 
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investigations prior with the de- 
sign of the 5-mile ocean outfall for effluent disposal for discharge of unchlor- 
inated plant effluent from Hyperion into Santa Monica Bay. These investiga- 

tions included specific studies for the proposed discharge and also general 


"studies onthe nature of ocean disposal of sewage effluent and actual perform a 


ir $3. The gonnral a and specific studies demonstrated the variability ty of 5 physical, 
chemical, and bacteriological data that must be anticipatedin actual outfall per- 
7 formance, but they also exhibited definite trends among the data usually capa-_ . 
ble of mathematical formulation, f 
The specific studies for the oroposed discharge indicated current 
ee and coliform decline rates adequate to provide satisfactory physical di- a 
lution of the discharged effluent and reduction of bacterial concentration to 
vast amount - effort and expense is necessary to obtain significant 
field data on oceanography, and bacteriology requisite for a proper design of 4 
major ocean outfall such as the 5-mile Hyperion outfall. The data that have 


ss Operation of the 5-mile Hyperion o outfall has been in progress as of March, 


4 


; _ 961 for approximately one year, and results have generally been satisfactory. a 
% _ Evaluation of the sanitary design of the outfall will become possible as flows 


‘increase and ‘more and more become available. 
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_ _M. ASCE of the California Institute of Technology; R. E. Stevenson of the Allan 
: Hancock Foundation; F. R. Bowerman, M. ASCE, of the Los Angeles County 
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‘ - During the past two decades various formulations have been developed to 
esate trickling filtration performance. Most of these have been based on 
empirical correlations of filtration data. More recent studies have been a 
rected toward defining trickling filtration hydraulics . From these various 
_ investigations filtration design formulations have been. developed relating 
depth, hydraulic loading, and media characteristics. This paper attempts to — 
‘statistically correlate filter performance to the aforementioned variables and 7 
to develop generalized design | for domestic sewage 
based on these 


= 


OF BOD REMOVAL IN TRICKLING FILTERS 

—The letter symbols adopted for use in this paper are 

% = first appear and are arranged alphabetically, for convenience of | 
Removal of BOD by trickling titers results from biosorption and coagula- — 
tion of that portion of the flow that passes rapidly through the filter. Pro- 
gressive removalofthe more soluble constituents occurs from that portion of 

a the flow with increased residence time on the filter slimes, _ As in the acti- 
vated sludge process BOD removal can be expected to be . proportional to both — 
the mass of active filter slime and to the time of contact of the waste in the 
filter, The mass of active : film is related to the surface area of filter slime E 

uw and to the depth of aerobic activity. The time of contact is primarily related 4 ; 


Ph Note.—Discussion open until December 1, 1961. To extend the closing date one a 

‘month, a written request must be filed with the Executive Secretary, ASCE. This paper . 
part of the copyrighted Journal of the Division, 
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of Civ. Engrg., Manhattan College, New York, 


‘July, ‘1961 


to the hydraulic: loading. At the low BOD usually applied toa 
d filter a and emmeates first order kinetics these variables may be related: 


* which Lei is the BOD remaining in athe filter effluent; Lo r represents the Bop : "4 
applied t to the filter; k is a coefficient incorporating the surface area of active 


film per unit volume; and t denotes time of contact. 
iy _ For sewage and Compaen industrial wastes, Eq.1 may require modification 


Subsequent section of this 
aes The residence time, t, in Eq. 1 has been related to the depth and hydraulic 


4 
loading of ihe filter and tothe of the filter media (1), 


ease with which they are removed. _ This will be discussed in more detail in = . 


constant, ‘the exp n, will vary with the type filter 
| cz. and the hydraulic characteristics (4). The exponent has been shown toap- 
— proach 1/3 for turbulent flow and 2/3 for laminar flow (5). J. H. McDermott, 
pean A.M. ASCE (6), determined an exponent of 0.55 for synthetic sewage passing 
over a 23 ft column of 34 in. balls. K. L. Shulze (7) found an exponent of 0.66 © 
S for flow over a screen “filter. A study ‘of residence time in Dowpac plastic a 
media by E. H. Bryan and D. H. Moeller (8) showed nto be 0.5. Residence 
time is increased by the presence of slime and capillary water storage (5). ay 
4 Because BOD removalis proportional totime of contact it ae ween related to rr. 
hydraulic loading by the relationship (7). 


_ The exponent n has been pram for several biological filtration 1 systems” 


using Eq. 3. These results are summarized in Table 1 
. _ It was implied in Eq. 1 that BOD removal is related to the surface area of 
active film per unit volume of filter media . This is analogous to the concen- — 
tration of mixed liquor solids in the activated sludge process. The =— 

area of film frequently varies with the type and distribution of filter media. ~ 

=" It has also been shown to vary with the filter depth and season in danas cases ” 

_ (15), (16). This can be mathematically approximated: = 


the filter depth. Eq. 1 can be modified to include the the residence time and the the 


density of film by with 2 ane 4. 


2 2 Numerals in parentheses refer to corresponding references in th the 


é 
4 
| = 
: 
| 
‘ 


The fitter ‘itm film was distributed in studies conducted 
_ by McDermott in a 23-ft column of 34 in. balls and by Shulze ona ‘screen 
filter. In these cases the e exponent m in Eq. 4 becomes — and Eq. 5b re- 


McDermott’s results are in 1 in which the exponent n non hydraulic 
Tending was determined as 0.67. 
_ In many cases the film distribution, activity, and compesttion vary with the a) 
- filter depth, and the exponent m in Eq. 4 is greater | than zero. In this case the he 
a on depth” in Eq. 5b is less than 1.0. The effect of depth for several - 
‘TABLE. 1. —EFFECT O OF HYDRA ULIC L 


Screen filter , | 
23 ft column, 3 39 in, balls 
Rock filters 
Rock filters 
_ Rock filters 


Eq. 5b p ‘that all the components of the waste are removed 


= the more readily assimilable cert will be removed more aie, ; 
.- requires that Eq. 5b be modified to a retardant form of equation to de- — 
scribe the overall removal. Such a form of equation was found by the writer | 7 
reasonable correlate filter performance data. 


be 


The constant C and the (1-m) and n were determined by y multiple 
regression analysis for several sets of filter performance data. These are : ; 
‘The results of Ingram and Grantham showed the exponent on depth to = 
reater than 1.0 implying an increase in filter film per unit volume with in- 
reasing depth. In the case of of Ingram’: s experiments, this } may be attributed 
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2 “to the sectionalized filter and positive aeration of the filter m mente. | The per- 


ee The variations in the filtration characteristics a as shown in Table 2 are at 


REMAINING 


BOD 


| 


COLUMN OF INCH BALLS (McDERMOTT 

a mine a formulation applicable to the design of rock filters treating domestic 
sewage, mean values of the coefficients were determined resulting in re- 
by 


Bis _ formance data of various filtration | experiments are plotted according to Eq. 


| 
| riputable to film and distribution, media Characteristics, temperatu 
— 20 25 #30 
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FIG. 2. _EFFECT ( OF F DEPTH ON FILTRATION PERFORMANCE Re: 
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FIG. 3,FILTRATION CHARACTERISTICS ACCORDING TO EQUATION 6 
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‘The ‘filter pr performance data from references (9), (10), (11), (17) are are shown in 
‘Fig. 4 according to Eq. 7. It should be recognized that deviations from this - 
relationship will result from changes’ media, waste 


_ APPLICATION TO FILTER DESIGN ae tal 
iil ‘7 can be used to design stone filters for the om a of domestic 
_ Sewage with or without recirculation. ‘Filtration without recirculation is illus- 
. Example 1. —Compute the BOD removal from settled sewage ina 6 ft filter 


2 
in Eq. 7 


100 | 
1 +2.5 (0. 1+2.5 (0.96) 


‘Therefore, the B BOD removal is 70. 


TABLE 2. TRICKLING FILTRATION PERFORMANCE CHARACTERISTICS 


423 | 0,365 | 
0.774 
3 


2 


— 


Coefficient 
of correlation 


0,558 
411 


he When recirculation is used, the influent BOD is diluted by the recirculated 


= flow. The applied BOD including recirculation can be computed: — ¥ 


which is the e influent s sewage BOD; N the recirculation rz ratio; 
and Lo is the BOD after admixture with recirculated flow. The filter per- a 
formance can be estimated by combining Eqs. 7 and8 


a 
— 
q = 
"Substituti 
7 


an It is s recognized that the treatment dementias of the peclensanet flow 
will be less than that of the applied waste due to the retardant nature of the 


removal reaction. It would be necessary to modify Eq. -9 to consider this ef- 


of Eq. . 9 to filter design using recirculation is illustrated by Example | 2. 


| . 
qu 
+ Ret summer 


.— FILTRATION DESIGN CURVE 


_Example 2.- a —Compute the recirculation ratio to obtain 85% BOD removal | 
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tt is that a filter a ny which 
moval and assimilation cannot occur. This limiting loading has been discussed | 
C. J. Velz, ASCE (1), and Vv. T. ‘Stack (18). factors this” 


FILTER DESIGN FORMU LATIONS | 
Filter design formulations have ‘been developed by several investigators. — 
= M. Fairall (14) Statistically analyzed performance data from trickling filter — 


ship interms of hydraulic loading and depth. Velz (1) related BOD removal to 
filter: depth ina manner similar to. Eq. 5c. . His formulations did not directly 


| ‘owed through the filter. A limiting load was specified beyond which no fur- 


ther removal ‘Stack (18) a modification of Velz’ 


National Council which related filter BOD 
‘to the filter loading (lb BOD applied per unit filter volume). This formulation 
i considered the decreasing removability of recirculated BOD. R.S. Rankine 
; developed design formulations from the Upper Mississippi River Standards. 

_ These formulations considered a constant percentage removal of applied BOD» 
including» recirculation up to a maximum loading. A range of depth and 


| TRANSFER AND ) TEMPERATURE RELATIONSHIPS | 


time in the filter, oxygen transfer, and temperature play a role in filter pe 


- formance. Oxygen | is transferred to the filter film from the waste liquid pass- 3 

ing through the filter. Thefilter slime receives additional oxygen by diffusion - 

— laminar films of liquid remaining in the filter after the applied liquid 

_ has drained away. Ih some cases additional oxygen is supplied through forced 

draft ventilation. The rate at which oxygen is absorbed by waste passing 

through a filter has been related to the saturation deficit, the depth of the om 
_ filter, the hydraulic loading to the ee and physical variables characteristic _ 


: 
The quantity of active fe film will depend on n the of film through which 


— 
— 
Const er yaraulic loading bu ilrerentiate etween high rate an Ow Tra e 
— 
| 
| 
= 


ite from the ens 2 liquid to the film can be approximated by 


n con n 
in which [or and C2 are the oxyge co centration at film « depths 1 and 2; ;D , is 


in which Ky is the oxygen utilization rate of the film, — Pp represents specific 


Under steady state conditions, the rate of. oxygen consumption by by film 
will ill equal the rate of transfer to the film 


C2 at a depth h is O and 


EFFECT OF F TEMPERATURE 


is considerably less than that predicted by conventional formulas for yngrecel 


ae temperature ¢ dependency will be less than that 
from previously derived equations. C. J. Schroepfer (23) observed a variation FE, < 
in BOD removal efficiency of 0.18% per °F temperature change. Of signifi- 
cane is the fact that a sewage or water temperature drop of 4°F to 6°F may 
correspond to as much as a 52°F change in air * temperature. .W.E Howland, 
: ASCE (24), has shown that the temperature effect on filter performance 


may be expressed by the relationship: 


A possible define the temperature effect. on trickling filter ef- 


4 ficiency can be illustrated by the following example. 
; Example 3.—At 30°C the oxygen uptake rate of filter film is 20 mg Op» pe per 
hr per ml slime. The average dissolved oxygen is 2.0 ppm; at 20°C the dis- 

ay solved oxygen is 4.0 ppm; compute the on 


ans-_ 
* 
| 

| 
(Ite) 
centra- 
L 
Temperature exerts an influence on all biological processes. Many investi- 

sidered as a dynamic equilibrium between several rate equations. It is prob- 

ne filter film 


July, 1 1961 


sq cm | per sor br 

3 cm of of aerobic film film. At 20°C 


0.074 s sq cm per hr 


ae, 
. a K r (20°C) = = 9.3 ppm per hr per ml ml 


pis 1000.3) 
-3 om of film. 


(3.83 x 10-3 
5.7 x 1078 (9.3) = 0. 053 per hr 


om The p of the trickling filtration te has been 
= assuming that BOD removal is related to hydraulic loading and depth and 
= follows a retardant type reaction. _ Multiple regression analysis on various 
_ published filter data has indicated that the effects of hydraulic. loading sand 

depth on BOD removal vary with the type of filter, temperature, and so forth. - 

A relationship has been developed using average coefficients for the design 
of trickling filters treating domestic sewage. A hypothesis has been advanced 
. to describe the effects of oxygen and temperature on filter performance. 
_ It is recognized that considerable fundamental work needs to be done to be done to 


ey The writer wishes to acknowledge the assistance of William Keane, re- 
search assistant, for performing the statistical analysis” of filtration data and 


a 


| 
— 
— 
ig — 
— — 
Da nder th 101 nce Ul pradu: eseal | 
Program for assisting inthe correlations. = — 


Cy, Co = of oxygen in n filter film; 


= filter ‘depth; 


| q = oxygen diffusivity of filter film; 
BOD removal efficiency; 
= unit oxygen utilization rate of filter fim; 
‘BOD removal rate coefficient; = 
= - BOD of settled ‘sewage or waste; ee 


= BOD concentration in filter effluent; 
= BOD concentration applied tot the filter; 


mass oxygen filter films; 


= exponent on | filter 


exponent on. hydraulic loading; 


— 
| 
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- SANITARY ENGINEERING EDUCATION IN A CHANGING WORLD 


Daniel A. Okun, 1 F. ASCE 


aT Engineers have a cacti, as well as atechnical responsibility, to help con-— 

trol the environment for the “well-being of mankind, ” and their education 
Ms “should prepare them for this role. The history and status of technological 
= education in the United States, Continental Europe, andGreat Britain are com- 
_ pared. Sanitary engineering education, - while further developed in the United 
De 4 States then in Europe or Britain, still suffers from many shortcomings. With - 
_ its disappearance at the undergraduate level, too few graduates are inten 
at the master’s or doctorate level. ‘Some seventy curricula are availabte, but 

fifty of them attract no more than one or two students each year, 

_ Graduate sanitary engineering education is expensive, requiring ee 
particularly in the sciences, chemistry and biology, and these Sciences 


y 


courses. designed specifically ‘for sanitary engineering students. It is also a a 
; responsibility of educational institutions to recruit qualified chemists and bi- 


Research in educational institutions improves teaching, recruits and 
pares | sorely needed research workers, and makes substantial contributions _ 


knowledge. Some of the current research problems in 


Ay 4.2.2 


- Note.—Discussion open “until December 1, 1961. To extend the closing date one 
wn a written request must be filed with the Executive Secretary, ASCE. This paper 
is part of the copyrighted Journal of the Sanitary Engineering Division, Proceedings of 

American Society of Civil Engineers, Vol. 87, No. SA 4, July, 1961. 
1 Prof. and Head, Dept. of’Sanitary Engr., School of Public Health, Univ. of North 
Carolina; Natl. Science Foundation Senior Postdoctoral Research Fellow 
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- eo for young men in this field. Government at all lev ls, including the 
ea international, industry, consultants and educational and research institutions all 

_ need increasing numbers of sanitary engineers. And today in the United States, 


in Such is recognized tob tobe a government respon-_ 


_ To survive in ‘the peers men must accomplish two important tasks: they 
must control the forces in nature andthe forces in man. The first task may be a ; 
defined as the work of the engineer, andthe second as the work of society, not 4 


a 


excepting engineers. Sanitary engineers have some responsibility for resolu- 
_ tion of social problems, if only to permit work on the environmental problems, 
Oar resources are polluted by radio-active residues of 
bomb tests, while engineers are seeking ways to cleanse our air, water, and ae 
food. Engineers have an equal, and perhaps even greater, ‘responsibility to 
control men’s despoilation of these resources. Insome communities people do a 
_— hesitate to foul their own water and air. Sanitary engineers try to protect 
Man by ingenious methods of water and air treatment, and physicians try to al 
ameliorate the effects of these indecencies by adjusting man to his environ- bee | 
| ameliorate the have the obligation, as participants in society, to try to pre- 
these insults to the environment in the first place. 
ve How engineers can discharge this obligation to santa in the fullest sense, — 
arts not in only narrow technical service is important. = = | 
_ A definition of engineering adopted by the Institution of Civil Engineers 
in Great Britain more thana century ago states: “. . .the art of direct- 
ing the great sources of power in nature for the use and convenience of man. 4 
engineering requires only a slight modification of this definition: 
. .for the health and well-being of man. 
_ Sanitary engineering as a distinct professional field has had its longest 
a - history in the United States, and a definition of the “Sanitary Engineer” pro- 
nl posed by the U. S. National Research Council in 1954 may serve as an intro-_ 
duction to his present responsibilities and field of action. The “Sanitary Engi- 
neer” is an engineer has fitted himself by specialized training, study 
a and experience (a) to conceive, design, appraise, direct, and manage engineer- _ 
Es of ing works and projects Gevetoped as awhole, or in part, for the protection and > 
a promotion of the public health, particularly as it relates to the improvement o - 
.s of man’s ‘environment, and (b) to investigate and correct engineering works and a 
4 other projects that are capable of injury to the public health by being or be- 
coming faulty in conception, design, direction or management.” 
. ie. The term “public” health” as used in the definition has itself tates on new 
meaning. Under the aegis of the World Health Organization (W. H. O. ), public 
- health has come to signify not merely the absence of disease or infirmity, ‘but 
rather positive state of complete physical, mental, and social well-being. 
3 This philosophy is not new to the engineer who has infused his water supply 


projects with qualities much broader than the prevention of disease alone. ¥ 
= In fact, a definition currently proposed (1961) by the Engineers’ Council for 


Professional Development (ECPD) in the United States for all engineers uses 
the well-being of mankind.” 


qualified engineering graduates can obtain financial support for graduate 
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“EDUCATION 
These definitions serve to’ highlight the sanitary engineers’ responsibility 
in managing the — environment as a whole, and not only the wet part of it. The be 
National Research Council: goes on on to ‘elaborate on | the fields of activity in 
ae aoe in addition to the traditional areas of water supply and 
sewage disposal. Included are waste reclamation, control of water and 
pollution, the sanitation of food stuffs, the sanitation of houses, , institutions and re 
places, vector control, atmospheric pollution control andthe con- 
trol of radiation in the environment. The W.H.O. definition of environmental > s 
Sanitation also includes virtually all these areas of activity. 
’ ‘This increased scope of sanitary engineering is not the result of the acquisi- 
tiveness of “ “empire builders.” Rather, itis the answer to the need for respon- 
sibility in “controlling the total environment and recognition that the environ- 


is not developed without thought of waste disposal in the region, nor is an out- 
_ fall located or a sewage treatment plant designed without careful consideration | 
of all the uses to» . which the receiving body of water is likely to be put. A solu- 
A tion to a refuse "disposal problem can create an air pollution problem, and a — 
_ solution to an air pollution problem cancreate a water pollution problem, The > 
control of radioactive materials involves every aspect of the 


i ‘same ‘for all phases of the environment. +The similarities in controlling abl 
pollution, air pollution, food contamination, and radiation a are emuch m more cogent 
@- their differences. The need to consider the environment and its impact — 
on man as aunity is becoming daily more evident, particularly in the developed _ 
countries of the world, Just as the: pressure on the shell of a gas cylinder 


ere increases as more molecules of gas are compressed into it, so too, the pres- 


‘sure On our environment increases as more people are crowded into the same 
_ space. a When the gas in the cylinder is heated, ‘the molecules move faster and 
the pressure increases to a point at which the cylinder may burst. So, too, 
- people _— been invested with higher velocities and with more energy than 


ae 
DEVELOPMENT OF TECHNOLOGICAL EDUCATION 


-. _ Science ffirst found a place in universities asa ‘service to the nd philoso- 
Leyden ‘was an important center for the study of Newton’s physics in the 18th — 
A= century. _ The English universities, under the cloak of the Church of England, 


were aloof to the new sciences, but the Scottish universities early bore il 
_ The industrial revolution did not begin with the help of the universities. In | a Ms 
fact, it was the French revolution that was responsible for government support — 
science and the opening of the Ecole Polytechnique in 1794. The German 
_ state universities with their idea of “wissenschaft,” the search for knowledge, 4 
were { fertile ground for research in sc science as previously in philosophy. By ma 
the end of the 19th century they were the beacons for 2 all who would pursue 4 
_ science. But the university professor and his disciples, free to pursue knowl- — 


for its own Sake, did not concern themeecives with applications of science. 


| 

| 
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The needs for education in technology were met by the later creation of the 2 ql 
Technische Hochschulen, that quickly achieved high status inall the countries — 

Meanwhile , English universities were slow to accept science and tech- ad 
nology, and engineers were prepared entirely by apprenticeship in practice. 

“ = need for advanced _technology to permit Britain to compete with ome 


the structure. ‘This, combined with the British university’s 
ie devotion to the student as contrasted with the German view of the student as a , -_ 
‘perhaps: necessary impediment to research, resulted in a different structure en 
scientific and technological educationin Britain, 
me hard-headed way in which the British went t about improving their 6 : 
ve __ technological education is revealed in an 1870 report. 2 Several excerpts from 
this report are of interest. . “It is not the custom in England to consider theo- 
retical knowledge as absolutely essential. . . The practical education in Eng- 
land is perhaps the most perfect possible . This thorough proficiency 
yy practical matters tends largely to compensate are - in many cases to out- 
weigh the deficiency in theoretical attainments.” 
On the other hand, a high degree of was mandatory a 
for engineers on the continent, after which practical training was acquired. — ; f 
_ These antithetical approaches were developed inthe report,2 with a conclusion - : 
. in favor of integrating science in the educationof British engineers. That this ba 
= conclusion was reached may be attributed to the comments of a Henry Cony- 
beare, whose words have validity today. In a letter tothe I. C. E., dated 


gave a good deal of attention tothe subject professional 
pir tion) about twelve years ago. 

ah that time my impression of the respective results of Engineering bei 
> education of the continent and ofthis country was, that foreign Engineers 

were usually wanting in practical experience, and our own in scientific 

3 training. _ But I think that this is no longer t the case, for the large amount fe 4) 
of work that has been executed in France during the last decade has 
_ afforded to the French Engineers, opportunities (of which their previous 4g 
Scientific training enabled them themselves the utmost) of 


: 
4 ng, . 


‘ 
— So today, engineering science and d technology is a responsibility of the 
_ British university . While the apprenticeship system still exists in Britain, — 


- more than 80% of engineers admitted to the Institution of Civil cupinaces now 


come through the universities or their equivalent. 


a In the United States engineering education developed first in the United — 
4 States Military Academy. ‘The greatest impetus to engineering education in os 
the United States was given by the Morrill Act, which in 1862 made grants of _ 
lands to each state for the establishment of colleges to teach agriculture and 
the mechanical arts, as engineering was then known. In a decade, the 1 number 


= “The Education and Status of Civil Engineers in the United Kingdom and in For- i. 
Countries,” 1.C.E., London, 1870, p. 213. 
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or 
of engineering ng institutions grew from six to seventy. These land-grant. colleges, 
~j ‘particularly in the midwest and west, count among them the biggest and best ” 
a Daniel Calhoun, 3 in a study of the early development of Civil Engineering r, 
in the United States sums up the role of the engineer in these questions that — of 
being then put by society... “Can the project proposed be done?” and 
its utility warrant the cost?” These questions are still pertinent. | 
, The answer to the first question requires scientific and technical compet- _ 
bie : ence, but does not constitute the main contribution of engineering. The assess- 
. ment of the utility of a project and its cost, for society t to weigh and make the 
intelligent: choice, constitute the unique charge to the engineer. And it is clear — 
tie that the exercise his Fenpeneintaty be needs to recognize the impact of his 
a4 project on society. ‘Therefore, the role of engineering education is a 


_ than | science and technology and this | is especially significant in the education 


1 


highly developed industrial community. 


"STATUS OF SANITARY ENGINEERING 

of. information on engineering education are the reports the 
7 ‘European and United States Engineering Conference (EUSEC), that are being - 
prepared at the: headquarters © of The Netherlands Royal Institute of Engi- 
neers. 4, A W.H.O. volume6 and a Dutch study? are particularly with 
In the _ United States, secondary school education is generally at an ex- 
tremely low level when compared to secondary schools in Europe, part- 
icularly with regard to mathematics and science. Much of the first years of | 
the conventional 4-yr engineering program leading toa Bachelor of Science - 
Engineering degree in the United States | is spent on subjects that a are covered ris 

in European secondary schools. It has been said that students from good sec- 
ondary schools in Europe may be admitted directly to the second or third — 

year of some American engineering institutions. 8 It is clear that the graduate 4 

of the American 4- -yr engineering school has not achieved the same level of 
technical education as the continental graduate who, beyond strong secondary a q 

school preparation, takes at least 5 yr, the last year being given to to an area 

speciality and a project that the student develops independently. 

The British engineering course is 3 yr, but as the preparation for entrance © 
involves much of the science that may be taken in the first year at an cag 


q 


institution, the nee is at about the same level as his American counte r- 


at the Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

5 Proceedings, 3rd EUSEC Conf. on Engrg. Education, Paris, September, — ol 

_ 6 “The Training of Sanitary Engineers,” by Milivoj P Petrik, WHO, Geneva, 1956. hae! 
= “Het hoger onderwijs in technische hygiéne en gezondheidstechniek voor studenten _ 
aan de Technische Hogeschool en voor afgestuurden,” Rapport, Kon. Inst. van — 
_ 8 “Highlights of Engineering Education in Great Britain and Europe,” by Edward Mc- 
Journal of Engineerin 50, P. May, 1960. 
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that generally takes 1 yr, he may be more advanced, The graduate nt a 

_ generally provides a more intensive and directed education than the fifth year 

of the continental undergraduate program. However, only since the warhas 

_there developed in the United States and the United Kingdom the c concept that es 
y aa graduate education is important in the education of engineers, particularly 
he those who aspire to professional attainments. 


ee... Britain, in 1958, for ane, only - students were enrolled in post- 


; estimated that fewer than 1 civil engineering graduate in 15 goes on to graduate 
study. 9 In the United States about 20% of civil engineering graduates earn Mas- 4 
ter’ s degrees. This is a 100% increase over the pre-war percentage, but is 5 
i still far from adequate when it is recognized that undergraduate education for 
engineers in the United States, emphasizes science and engineering science, © 
¢ bi with little attempt at specialization or engineering practice. University grad- 
-uates in engineering, particularly those who exhibit qualities that mark them 
leadership in the profession, are today being urged to go directly into 
_ graduate study at least to the Master’s degree. Funds are becoming increas- __ 
fog § for supporting graduate students so that it is quite fair to say 
th in the United | States any qualified graduate of an engineering school can 7 ad 
the financial support he needs to undertake graduate study. ‘a 
In sanitary engineering, the trend to graduate study has been particularly 7 
This trend was formalized and | given impetus by the Conference on 


, ommended a 5-yr program, involving 4-yr undergraduate engineering and pro- 


Since World War ‘I, undergraduate programs of sanitary engineering, even _ 
s options in civil engineering with little specialization, have been abandoned. _ 
From 1950 to 1959, for example, the number of men receiving the Bachelor of — 
‘Science degree with major in sanitary engineering, dropped from 287 to 182. bag 
 & the same period, the number of Master’s degrees awarded increased from — - 

148 to 197. On the continent, where graduate education is not general in engi- _ - 
only a few institutions offer formal graduate | curricula in sanitary 
is insignificant. The W.H.O. symposium on the education of sanitary ———. 
held at Oxford in 1955, emphasized the need for specialized education. 11 = 
new European Course in Sanitary Engineering at the Technological | University 
in Delft is undoubtedly a response to that need. 


_ Financial support for graduate study in sanitary engineering one had a z 


_— Retoa specialization in, the fifth year leading to the Master’s degree. 10 


industry and construction. ~The availability of stipends for graduate study 
‘Sanitary engineering, , however, is helpful in winning students to sanitary engi- 

| 
neering, from which many are likely to go into public service. ah hee : 


° = With the increase in graduate study in engineering, arid a concomitant in- 


crease in research and the need for engineering ¢ educators, the doctorate has © 

_ 9 “The Place of the University in the Education of Civil Engineers, ” Proceedings, <4 
London, p. NS, April, 1960. 
eb: Education, Training and Utilization of Sanitary Engineers,” Conf. Report, Natl. a 

Academy of Sciences, Natl. Research Council, Washington, D.C.,1957. ae 

il “Symposium on the - Engineers in Europe,” 


| 
™ j- While the graduate of the American and British engineering schoolis ata _ 
&§ “ 
ba 
id 
a 
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prone a more significant | place in itiaiialide, education. Whereas the Mas- 


aspire to academic life, particularly graduate teaching and research, today 
er, ‘must attain a ‘doctorate. Currently, about 10% of those who earn Master’ s 


Be: s degree is generally terminal for professional preparation, those who | 
_ continue on to earn the doctorate, with the percentage being some- i 


what higher in sanitary engineering than in other specialities of civil engineer- : 
ie Where, before World War I, 1 or 2 men earned a doctorate in sanitary — 

} engineering each year in the United States, this has now increased tenfold. < 

y a _ The doctorate for sanitary engineers is rare in Britain, and non-existent on 


7 word might be interpolated on the relative e earnings of men with these 
a eee degrees. In the United States today, — men with a Master’s degree 


- almost all sanitary engineers will enter the profession with the Master’s de- ; 
oun gree. This may be formalized by making a Master’s degree a prerequisite for 

$ ~ certification as a Diplomate of the American Academy of Sanitary Engineers. | 

ta might well be asked, if all sanitary oer are to take graduate work 


“aot half hold the Mater’s degree. It is hoped that soon, in the United States, 


this is ; already done, except ‘that sanitary engineering is not often one e of ie & 
Sanitary engineering requires a great breadth of education. It is expensive _ i 
and beyond the | ‘resources of Many engineering institutions. In this United toa 
States many small engineering schools graduate 10 to 20 in civil engineering © f 
_ each year. Most of these have no ‘graduate or specialized programs at all, 
; x ud and the inauguration of sanitary engineering | would be far too expensive. = 
_ Whereas some 140 institutions in the United States have accredited under- 
graduate programs in civil engineering, about half this number have 
soi curricula in sanitary engineering. Of t these seventy, in 1959, fifty institutions 
= awarded fewer than 3 Master’s degrees. At present (1961) only undergraduate 
curricula are accredited, but consideration is being given by the American > 
Sanitary Engineering Intersociety Board to accreditation of 
engineering programs. 


‘in civil only 3 offer curricula in sanitary engineering. 


CONTENT GANITARY ENGINEERING 


with these problems. +The total time available is fixed, and the pressure to 
incorporate. new knowledge that is “indispensable” is very great. However, 
ie hours of subject. matter are often not indicative of the values to be obtained. 
‘a One hour at the foot of an inspired teacher, no matter what the subject, may 


Wha ‘= 
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who applies science. Science provides the engineer with the foundation on 
which he can build future research and developments into engineering practice. 4 
« discipline ‘instilled while studying a quantitatively described branch of 
knowledge helps him to weight evidence, analyze problems, and synthesize | 
_ solutions throughout his engineering career. It may also stimulate him to be 
among: the small number who will advance the profession by engaging in 
research. What distinguishes science for sanitary is that all the 
natural sciences are involved. 
An engineer should acquire his mathematics niin differential equations © 
5 - early in his education in order to permit physics and chemistry to be learned 


in terms of the mathematics on which they are built. In sanitary engineering 

fields, th the gap between cause and effect is often great and correlation can 
only be established by y applying» sound statistical so that study in 


P oT All engineers must have course work in physics, — electricity and 


a nuclear physics. The engineering “sciences | common to all engineering study © 
_ include solid and fluid mechanics, the nature and properties of matter includ- * 

ing strength of materials, thermodynamics, and transfer and rate mechanisms, 
be T™he applications of these sciences in sanitary engineering are too obvious to 
x - need elaboration, In addition the civil and sanitary engineer needs ‘mall 
a *> In order to understand the principles that apply in almost every area of 
sanitary engineering, the engineer should have preparation in inorganic 

_ chemistry, organic chemistry, and physical and colloidal chemistry. ‘New — 


a new tools as well as new headaches. As much of his work involves very dilute 
concentrations of substances in water, food, and air, the sanitary engineer 
study in analytical methods including instrumental analysis 
and radiochemistry. While sanitary engineers do not need the breadth or depth | 
in chemistry that chemists require, they should have a working compre- 
~ hension of the fundamentals applicable to sanitary engineering problems. 
: Control of the environment for the protection of health involves afunda- _ 
> ae understanding of the physiology of living organisms - from the smailest 
_ to the human, ‘Bacteriology and virology, parasitology, physiology, epidemiol- 
- ogy, entomology, hydrobiology, and ecology are all necessary studies for the -_ 
i ZB sanitary engineer, An understanding of the stabilization of wastes, whether = 
be natural or in artificial environment, involves an appreciation of biochemistry. 


aire, the breadth and depth in these sciences need not be what biologists re-_ 


quire, but special courses can be designed to include the areas partinent to a. 


7 ie Undergraduate engineering curricula are still far short of what is neces- 
- sary to provide the basic natural sciences required for specialized graduate 
study. _ Therefore, some essentially elementary science - material must be > 
& given in the graduate program. However, this canbe presented at a rapid rate had 


and tailored to meet the particular needs of the In time, the oy 


duly, 1961 sat | 
| x field of interest. Programs should be flexible so that they may make use of : 
talents that are available at most institutions. 
The Sciences and Mathematics.—Glenn T. Seaborg, Nobel prize-winning 
discoverer of plutonium, has stated “Science should be a part of the repertory 
1 ed man ” Ho mo reg) ould his he 12 or he eng inee 
| 
| 
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w. Grinter13 out that asa of the emphasis on science 
| ‘the 1955 Report on the Evaluation of Engineering Education, 14 about half of a 
ie all United States engineering institutions have increased their physics, mathe- _ 
and engineering science offerings, but only about 10% have increased 
‘ chemistry. No mention at all is made of biology, a subject that is included ins 


we 


> 


_ The Engineering Courses. —Sanitary engineering developed as a field of 


specialization in civil: engineering. Today with increasing indu: industrialization, 
more chemical engineers and some mechanical engineers are being drawn 
into the field. In fact, both the American Society of Civil Engineers and the 
_ American Institute of Chemical Engineers are represented on the American _ 7 
‘Sanitary. Engineering Intersociety Board (ASEIB). Still, by far the greatest 
-humber of sanitary engineers in the United States continue to be drawn from 
among civil engineering graduates. © 
All civil engineers will generally need courses in structural design, hydrau- 
lies, foundation or soils engineering, and water supply and drainage. However, 
_ it is not the courses themselves that are so important but rather the concept 
of engineering analysis and design. The principles involved in the planning, 
; analysis, — and execution of a project in one field are certainly useful » 
in another. And this is to be preferred to survey and standards of practice | 


methods: are available, 

- imagination, The time to master standardized techy the rule of thumb, 
is in practice where the sheer volume of day- to-day work does not permit 
Tew modification of method. Here, too, the mark: of the professional 


is not repetition, but creation. Each job should provide lessons for the next 
_and it is this attitude that must be cultivated in the classroom. = ~~ 
the other hand, there’ is a tendency to frown on practical work, and to 


_ from getting his feet wet and his hands dirty. ‘An engineer must make deci- 
sions. He Should to learn the cost of of decision-making in his pro- 


so broad, that it is impossible for any single person to be well qualified in all 
phases of environmental control, much less to encompass the technical mate- 
= in a one-year program, The American Academy of Sanitary Engineers 

- allows for specialization in one of several areas in applying for certification: 

7 water and waste disposal, air and industrial hygiene, environmental sanitation, : 
and radiological health. The intention in most graduate programs is to explore a 
‘one area in some depth, and touch the others lightly. Only a few institutions in = 

the” United States are ‘prepared to 1 teach in all areas, and certainly none is: 

_ equipped to teach in depth in all areas. This paper explores the most common = 
field of interest to the sanitary engineer, namely, water supply and waste > 

- water disposal. _ Perhaps the simplest way to illustrate the program is is to to use| 

the sanitary engineering ‘Master of Science in Sanitary Engineering program 

of a Department of Sanitary Engineering at a School of Public Health in the 
United States. The courses shown each involve 30 to 45 lecture hours, and 


13 “A Survey of Current Changes that are Modernizing Engineering Education, ra 

=~ W. Grinter, Journal of Engineering Education, Vol. 44, p. 559, March, 1959. — ree 

4, 14 “Evaluation of Engineering, ournal of Engineering Education, 
“Vol. p. 25, September, 1955. 
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where laboratory and design are indicated, these involve: an in additional 30 hr to _ 
. y 45 hr. Generally about 12 courses are taken and a a report on a special project — 
is executed, Students courses | taken as a written. 


chemistry andbiology = | 
methods in sanitary chemistry and lab) 
Smt and biology of water and waste treatment processes 
ef Water supply and sewerage (with engineering analysis and ome 
Water purification, sewage treatment and disposal (with 


Electives generally taken; | 
in water, food and air (with 


-Limology and stream pollution (with lab) pat 


Industriai water supply and liquid wastes 
Principles of statistical inference 


blic health administration 


Students may also take work in departments of the such 


- A Master’ s degree curriculum ina Department of Sanitary Engineering or a 
_ Department | of Civil Engineering in an engineering school would be little dif- 
ferent from that previously described except that the electives, for which 
there is. little time in a 1 yr program, might be selected from ‘engineering 
es: : The only thing that can be said with certainty. about this program is that it 
is continually changing. The important consideration is not a fixed program for 7 
all institutions, but rather freedom for each instituion to draw on its unique © 
strengths in ‘creating a suitable program. A university is not a collection of ' 
courses, facts, libraries, or laboratories - it is a collection of individuals 
each dedicated to a specific field of learning and a confident that his 
= is of prime significance in the curriculum. | Staal 
my clad subjects have been listed and with the high degree of specialization 
Pe a great number of different teachers can be used. However, this is 
neither ‘reasonable nor desirable. Whereas a a student majoring in biology 
would expect to have a different. specialist teach each of the courses listed 
under the biological sciences, the biology for the sanitary engineer might be 
handled by one man - but he should be a biologist with a deep interest in one 
of the areas of biology significant to sanitary engineering. Biology is one of 
_ the sciences inadequately covered in most engineering curricula. One of al 
ways in which this deficiency could be met, if time were available in the a 
riculum, is by sending the students over to the biology department. However, ra 
“ - these courses are generally designed for students who will then take other, a 
More courses. For the engineer this course be first and 


| 
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contact with the su subject. This is should be 

cally for the sanitary engineer, particularly when given at the graduate level. 

To have all | these specialists 2 available to a program 

_ Humanities and Social Sciences.—The two most common er for in in- a's 

cluding the humanities in education of engineers in the United States is through i 
the increasingly , popular 2 yr to 3yr sequence, in which the student takes 2 yr 

of humanities in a so-called liberal arts college, and then 3 yr in the semen 
ing school, Edwin Ss. Burdell!> calls this the “pre- ~heat” treatment. ‘An 


ad ter in engineering school. Burdell characterizes this as the “sheep-dip” 
_ treatment. On the continent, humanities courses are often part of a “general . 
study” sequence, given generally at the end of the day, and entirely optional. © 

4 This might be termed an application of a Mausii that at the end of the year, 


ite This presentation began with emphasis on the need for the engineer to be 


aware of the social consequences of his work. Eric : Ashby16 puts it very well: 

~ “Technology could become the cement between science and humanism. oy) 


Far from being an unassimilated activity in universities, it could become wal 
- the agent for assimilating the traditional function of the university into 
_ the new age. For technology is inseparable from men and communities. i 

In this respect | technology differs from pure s science. It is the essence of a 


does not dispense with values but it does eliminate the variability of ‘ 
; human response to values. It concerns itself only with phenomena upon 
which all qualified observers. agree. It describes, measures, and classi- 
fies in such a way that variation due to human judgement is eliminated. a 
_ Unlike science, technology = concerns the applications of science to the 
- needs of man and ‘society. Therefore technology is inseparable from 
humanism. The technologist is up tohisneckin human problems whether 
_ he likes it or not. Take a simple example: the civil engineer who builds » 
ay a road into a new territory in tropical Africa. He may assert that it is 
not. his business to take into account the effect his road will have on 
* a primitive villages up-country; but his roadisinfact a major experiment _ 
in social anthropology. He does not need tobe a professional anthropol- 


ogist, but he cannot afford to be utterly ignorant of the implications of. 


War II, was his advocacy of the humanistic-social and 
technological curriculum, The committee recommended that humanistic- social 
‘courses constitute ‘at least one-fifth of the total curriculum, ‘However, he 


pointed out that an 
= * “We do not justify our position if we make our humanistic- social Lor 


_ gram a collection of oddments and remainders, abit of this and a smat- 
- tering of that, demanding casual effort and superficial achievement. We ME 


a ~ “General Education in Engineering, ” by Edwin S. Burdell, Journal of Engineerin 
Vol. 47, p. 103, October, 1956. 


Vol. 35, 36, September, 1944, 
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do not justify our position if we relegate these 
_ teachers... We do not justify our positionif we let teachers of humani- | 


regard us as Philistines excuse their efforts on our as 


be blunt about it,” he is now time to put up or shut up - 
to give the humanities and the social studies the time, the leadership, — 7 
manpower, the content and the financial support that will put them 


level in prestige and excellence with our 


In a study on technological education, concluded that “Univer- 
- sities . . . cannot be satisfied with offering only professional training. To turn | p= 
out technicians is only a part of their task. A living community also needs 1 
leadership and in a democratically organized educational system, it is from y 4 
ranks of the Universities that this leadership must come.” 
| = ee Progress has been made, and there are a few outstanding exal examples o of 3 a 
integration of the humanities in the engineering curriculum. 19 Of these, it can 
| _ confidently be said that the engineers’ education is equal to any. But in most e 
_ instances a block of time is given, the engineering student is sent over for his a 
injection of culture, and that’s it. At the graduate level, the attempt at intro- 
ducing humanistic social courses is seldom made. The integration of human- > 
_ istic courses in a technological curriculum requires imagination and effort if | 


the student is to profit and | not feel that it is a routine obligation, like vaccina- | 
tion or ora a foreign language. ‘Again E Eric Ashby puts 1 it 


“The habit of a in its completeness: this is 
= essence of technological humanism, and this is what we should ex- | 
pect education in higher technology to achieve. I believe it could be . 
achieved by making specialist studies (whatever they are: metallurgy or 
_ dentistry or Norse philology) the core around which are grouped liberal 
_ studies which are relevant to these specialist studies. But they must be 4 
_ relevant; the path to culture should be through a man’s specialism, ‘not _ 
by by-passing it. Suppose a student decides to take up the study of brew- an 
ims: his way to acquire general culture is not by diluting his brewing . 
courses with popular lectures on architecture, social history, and ethics, 
i q but by making brewing the core of his studies. The sine qua non for a 
- man who desires to be cultured is adeep and enduring enthusiasm todo 
one thing excellently. So there must first of all be an assurance that the 
_ student genuinely wants to make beer. From this it is a natural step to - 
= study of biology, microbiology, and chemistry: all subjects which 
: ee be studied not as techniques to be practised but as ideas to be understood. 
ae As his studies gain momentum the student could, by skilful teaching, be a 
a made interested in the economics of marketing beer, in public-houses, in 
their design, in architecture; or inthe history of beer-drinking from the | 
time ‘of the early Egyptian inscriptions, and so in social history; or, in 
= unhappy moral effects of drinking too much beer, and so in religion 
Bs and ethics. A student who can weave his technology into the fabric of : 
* society can claim tohave a liberal education; a student who cannot weave _ 
‘a his technology into the fabric of society, cannot claim even to be a a good 


3 “Education in a Technological Society,” UNESCO, ‘Paris,1952, 


19 “General Education in Engineering,” "Report, Journal of Engineering 
Vol. 46, 6, Pp. 623, April, 1956; Vol. 51, p. 1 141, » November, 1960. 
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3 projects that are overloaded a year after re are placed in operation, A good © 
system of water supply and sewerage stimulates the growth of a community -_ 

it is no longer the same ‘community after the works are completed. 

_ _The great problem in metropolitan areas today is not where to obtain water 

or how to treat it, orhowto collect waste, how to treat it and where to dispose 

of it, The technical competence is available. But how shall the communities in 

the metropolitan area be organized to finance the projects? How can the com- — 7 

‘munities be induced to forego local and join together to solve 


national scale with the River Rhine, It is clear that the cleansing of the Rhine 


7 


is much more than a technical sanitary engineering problem. ‘ 
ab ? To sum up, sanitary engineers need to be truly educated and for this pur- 4 . 
‘pose their humanistic-social courses be with their sochateal 
| 


another comminity’ headache? This | problem exists in Europe on an inter- 


RESEARCH IN EDUCATIONAL INSTITUTIONS 


The principal function of the early universities was 4 
new knowledge. _As undergraduate education expanded, research tended to be ik 
forgotten, and today in rs educational institutions the faculty engages" inno 

_ Hardy Cross20 points = that “It is not fair to feed students entirely on 


secondhand information, College instructors should be able sometimes to tell =i 


ors oratory!” Inthe a applied areas, first-hand information is often available, partic- 
- ularly in the Technische Hochshulen where the faculty is drawn from among 
leading engineering practitioners. _ Engineering institutions, however, alsohave — 
_ a responsibility for the accumulation of new knowledge on which practices are = 
_ The value of research in educational institutions was discussed in a paper 


_ “The contribution of research to teaching lies in a ial of the 


te teaching. The professor who is acquiring new knowledge is more a 


a Be his students the awareness that answers are just being developed and 
that practice is at best only the current solution to engineering problems. a =i 
: _ Perhaps the most important contribution that research can make to the 
teaching program is in the creation of a stimulating atmosphere. Par-— 
] ticularly today, with | rapid development in science and technology, our 7 
= educational processes must prepare students not for problems of ye “a 
terday and the solutions of today, but for the problems and solutions - 3 
tomorrow. ‘To obtain: “our proper quota of | of bright | young students | and 


as 20 by ‘Cross, ‘McGraw-Hill Book Co., Inc., 
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faculty mer members in ou our educational institutions, and more 


_ compete with pend excitement of the nuclear and space age offered to iol a © 
must» not. only ‘pose the challenges of our modern environment but w ~ 
begin to work on solutions to these problems. 
¥ ne _ Still another contribution of research is in the education and training - 
Pe research workers. Every professional group, if it is to maintain its eo 
role in society, must add to knowledge. This does not happen by chance. — a i 
_ Trained workers oriented to seeking new information must be available. 
= such workers may often be developed on the job, the introduction of = 7 


— of research early in a man’s education might encourage him to 1 ; 


_-s: pursue a career in research. The educational institutionis probably the — 
, best place for recognizing research competence on the part of the young 
elect and scientist. Government and private laboratories can only *” 
select from those who apply and have little opportunity to recognize and ; 
stimulate: raw talent. These laboratories are primarily concerned and in ; 
properly | so, with the research itself. They « cannot afford to invest time, _ 
money, and facilities in preparing the young research worker for his — 
career. The recruitment and training of research workers is one had the 
a, educator’ more important responsibilities today. 
The educational institution offers an opportunity to conduct 
*e of a type that often is not or cannot be carried out in government c. 
= private laboratories which are generally dedicated to applying our cur- 
_ rently available knowledge to the solution of specific problems. The , 
_ gathering of new knowledge, so-called basic research, is generally left = 
re occasions when the need for solving current problems is not acute, o 
= only rare instances is a government or private research organization 
4 a involved in basic research. This does not signify that the educational 
institution engage only inbasic research. In many instances, particularly 
ai ong where engineering experiment stations are e associated with the institution, 
many applied problems will be taken on. The instituion’s primary 
sponsibility, however, lies in the accumulation of new knowledge. 


Another important aspect of the research in an educational institution 


is that problems selected need not be politically oriented. Many govern- 4 


ment and private laboratories are forced to handle problems which ve y 
_ currently pressing and which influential people in government believe 
need to be solved. _ Private organizations will work on problems which © 
can yield profit or perhaps save money. The problems of the future which | 
ge are not yet pressing but for which we need information are the concern — = 
f 4 of the university where thé accumulation of knowledge is itself sufficient — 
i. stimulus and where there is no responsibility to either a government _ 
‘bureau or a client . This points up an important characteristic of the 
university: it permits its faculty to follow paths which interest them 
_ rather than directions dictated by others. This is not a luxury, and uni- 


versities have been stalwart in freedom of inquiry for 


Graduate study leading to the Master’s degree is generally oriented to pre- 


research, On the other | hand, those interested in research, because 


= 


7 


2 yr for the degree, giving suiaiaas to a research project. And the poral fe. 
number of doctoral candidates contribute to the | university’s research effort. 
‘ The amount of research in universities in the United States is illustrated by 
the 1958 Research Inventory of the United States. Public Health Service. 220 
Of 280 research projects in water supply and pollution control, 13% were con- fa 
- ducted in educational institutions, 8% by federal agencies, 13% by other govern- 
mental agencies and 6% by industry. Of 79 research papers in the Journal of 
the American Water Works Association and the Sewage and Industrial Wastes — 
- Journal in 1959, 40 originated in educational institutions. Of 18 Harrison Pres- 
— cott Eddy Research Medals awarded by the Research Medals awarded by the 
_ Water Pollution Control Federation in the period 1943 to 1960, eleven were | 


the current research problems in sanitary ype indicates 
the need for a team of engineers and scientists. —— 
Reclamation of Waste Water.—In areas of dense population and limited 
water resources, reuse of waste water is already a fact. The chemical prob- = 
lems , particularly the build-up of detergents and dissolved solids, and the 
_ physical and hydrological problems, - need considerable study. Concomitant 
. is the need for effective and economical methods of biological waste treatment. 7 
_ Detection and Removal of Viruses and Micro Chemicals from Waters. In 
highly developed industrial societies, diseases’ caused by the 
of water with enteric bacteria have been replaced as a problem by = 
2 and organic chemicals, whose effects may not be so dramatic as the older | 
7: waterborne diseases but may be more widespread. Little is known about the 
toxic effects of the long-term ingestion of micro-chemicals. 
i Radioactivity in the Environment, Its Measurement, Removal, and Effects.. —* 
i The level of radioactivity inthe environment may not yet be cause for concern, ¥ ; 
_ although this is debatable. However, nuclear energy and radioisotopes are being a 
used at an increasing rate. The situation with regard to industrial and munici- — 
pal wastes , ine which the damage to the environment has already a 7 
a Bip avoided. The deleterious effects of radioactivity on humans are . 
cumulative, and damage caused by exposure toa contaminated environment 
An exhaustive list of research needs in all areas of sanitary engineering — 4 
A 5 can be found in the Proceedings of a Conference on “Man versus Environment” — d a 
a ‘held in Washington, 23 in 1958. The need for more research personnel, sanitary © 
engineers as well as chemists, biologists, oceanographers, hydrologists _ 
_ Others was emphasized throughout the conference. This was reiterated at the 
National Conference on Water Pollution, 24 in 1960. Thetraining and education - 4 


sanitary ‘chemists and in the numbers are responsi-- 
7 


_ be: 22 Water Supply and Water Pollution Control Research Inventory, Active Projects, 


D.C., 1960. 


24 fer Natl. Conf. on Water Pollution, December 12 to “4 1960, US s. Dept. on 
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world-wide shortage of scientists and engineers has 
. to control the environment. _ This chronic shortage will soon become 
: acute as emerging nations in Africa, , Asia, and Latin America industrialize. a 
‘Sanitary engineers have a unique opportunity to give leadership in solving the — 


* more crowded, The specific positions they will 1 occupy are varied, and si some 
4 = engineers will work, as they always have, in national and local | 


government agencies for the supply of water and disposal of wastes. Govern- 
ment agencies with advisory and regulatory powers, such as health departments 
that assure the safety of water supply and pollution control agencies, often 
within the health agency, and that control the @ quality of public waters, are 
the greater users of sanitary engineers. 


y din for new plants and inplanning industrial water supply and waste disposal 
_ Projects. Sanitary engineers are also used for the control of products in the J 
food industry and for the sale of products in pipe and equipment manufacturing. 
4 Sanitary engineers, particularly industrial hygienists, have been widely used 
a As even small communities are forced to turn to surface waters for water e ' 
6 supply, and as all communities will have to provide waste treatment facilities, _ 
the need for consulting services will increase, Even large cities often cannot 
~ support a ‘permanent staff capable of making detailed investigations and execut- 
ing detailed designs, so that consultants are required. Qualified consultants © 
_ have the experience of projects in many cities to draw from, where the staff 
of * municipality may have had little previous ‘experience with a water or 


Then of course there is the rapidly increasing | need for research = 4 


and teachers, | 


where sanitary engineers find employment, namely, air hygiene, radiological 


ae and other health specialjsts, evaluates health problems ina com- - 
or country and helps develop local local personnel to meet these 


Growing need exists for the of sanitary engineers, and for re- 
= in environmental health. Both are expensive in terms of the oe 


= 


| 


All education must be s society’ 8 responsibility, and this has been ‘recognized 

in the provision of publicly supported education at all levels. The educated — a 
_ are a resource and increase the income of a community. The uneducated and» 
untrained often become a drain, However, higher education is still expensive 


4 

i = bility of sanitary engineering and the place in which this can begin is in the rr i 

' Nroniems Of Changing Soci 42nd the Ul 4a : 

os 

i 
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for the. student who aspires res toa profession. He will often c choose ose his profession 
by the financial return and social status he can expect. And | these are generally | = 
highest in the private or self-employment professions. = 
= ‘Yet much of sanitary engineering cannot be done privately or independently. = 

A citizen may employ a physician to cure him of an infirmity, or perhaps to 

inoculate him against a disease, but the citizen is helpless in our modern 

_ society to protect himself against his environment. He must call on his fellows 


for joint action, That is of and the 


2 but research ‘in ‘controlling the environment is an . investment that can a 
yield a financial return, Therefore, research in sanitary engineering is govern-_ 
‘It is up to engineers, as citizens, and as workers in the field of environ- 
eg mental health, to see that our governments, at every level, . local, provincial, 
state, national, and international support sanitary engineering education and © 
“research. Individuals and communities are expending large sums and = | 
= that seem to be directed at making our planet uninhabitable. Comparable com- 


: ‘munity effort ‘directed to to improving o1 our € environment ent is « certainly warranted. 
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of sanitary landfills is paralleled by the limited avail- 
able technical information describing proven operating and land a - 


= 
i _ experience. The technical data presented in this report was obtained from a 


questionnaire survey of some 250 operating agencies and ae asag 


en- 
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INTRODUCTION 

ee The sanitary landfill is a popular method of disposing of municipal refus 
Recently there has developed an interest in improving the efficiency of sani- 

- tary landfill operations in order,to better meet today’s and future municipal — 

refuse disposal requirements. The Solid Wastes Engineering Section conduct- 

_ ed this study to serve as a guide for better planning and operation of landfill 
= facilities. From 1959 through 1961 over 250 governmental agencies were con- 
- tacted, primarily by postal questionnaire, and they have cooperated in provid- a 
ing detailed operating experiences and cost information concerning their land-— 


fill. Many agencies operate more than one landfill; hence, the reviewed data 
5 _ actually covers far more than 250 sites and describes the procedures repre- oe q 
aoutetive of the best wt type of landfill... he resulting ‘Survey data 


at 9 —Discussion open until December 1,1961, To extend the closing date one month, 
g 
a written request must be filed with the Executive Secretary, ASCE. This paper is part 
: of the ie rg Journal of the Sanitary Engineering Division, apne of the Amer- 
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been organized | according to groups s served, ranging from less than 
10, 000 to than 100, ( 000 and is in Table 1. 


; Refuse Accepted. - —Cellulose is the major component of American refuse; — 


newsprint, m magazines, ‘cardboard packaging are examples of processed cellu 


_ lose materials. Grass cuttings, trees, rage and garden trimmings are © 


a second | source cellulose refuse. are other refuse 


Number of 

0-10, 000 

10-25, 000 

25-50,000 

-50-100,000 

Greater than 100, 000 

Unclassified@ 


Questionnaires completion of tabulation. 


TABLE 2. —PROHIBITED T TYP PES OF REFUSE 


Type of Refuse 


(2) 


Septic tank sludge i 
Flammable liquids 


Large dead 


Tree 
Demolition 
Ashes 
Rubbish 

Garbage 


that are. are difficult tot to handle : and, in many cases, on, these & are not allowed to be dis- 
posed of at landfills. For example: Demolition refuse is generatedas a result 
(of the destruction of existing buildings and public works and is a major refuse _ 
disposal item; yet, some 11% of the reporting landfills prohibit this material. 
Over 80% of the reporting landfills prohibit the disposal of septic tank ‘sludge. : 
Other undesirable types of refuse often kept out of restricted fills are shown — 
= in Table 2 and include flammable liquids, large dead animals, tree stumps, oe 
Refuse Delivery Methods.—Table 3 indicates that over 45% of the landfills — 
_ accept refuse from both municipal forces and private haulers; whereas, 33% 
— refuse from municipal forces only. The other reporting landfills, in 
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LANDFILL PRACTICES 
-—_ cases, are operated for the use of only private or sila or 
combinations of haulers as shown, 
_ Operating Equipment. —The most popular landfill equipment is the crawler 
tractor with either front end loader or a dozer. This equipment can be used © _ 
efficiently : at low cost for the multipurpose jobs required at a fill including 
excavation of earth, movement of refuse, compaction of refuse, and for other 
7 - commonplace construction purposes not necessarily connected with refuse dis- — 
posal. Additional reasons for the crawler tractor popularity include (a) the 
“<: universal | availability of original equipment and maintenance parts and (b) the _ 
relatively high trade-in or resale value. Table 4 also describes the 
—_———- of other her types of equipment; less than 10% of the reporting fills use 


4 nih 3. ° IVERY BY PRIVATE PARTIES, CONTRACT HAULE 


— 


Municipal Forces Private Haulers 
Municipal Forces Only 
Municipal Forces, Contract Haulers and — 7 

Private Haulers Only 

Contract Haulers Only 

Contract Haulers and Private Haulers 
Forces and Contract Heulers 


Oo anaiilis sing 
= : 


— 


Crawler 


_Draglines 
Scrapers or Pans 
Shovels = 


- | Rubber tired tr end loader 


" One fill each reported the use of: Rubber-tired tractor/dozer; Ripper; Sheeps foot P 


= 


s vie equipment as draglines, scrapers, shovels, or rubber- tired tractors. 
_ There is no apparent need for garages to protect landfill equipment except in 
cold climates; however, continuous preventive maintenance has been — 
; ‘: mined to be an important measure in reducing operating equipment costs. 
The greater the size of the operating agency, the smaller the percentage of | 
operating equipment used for other purposes (Table 5(A) ) andalsothe smaller 
the percentage of second hand equipment employed at the landfill. As shown © 


in ‘Table (5(B), landfills serving over 100, 000 less 


4 
a 
(No. | Refuse Delivered By = Gof Landfills 
== 
| 
= 
| 
“= 
al _ Conversely, as shown in Table , the larger the site, the less garage = : 
| facilities provided for equipment. of the sites of under 50,000 pro- 


vided garages their only ‘some 20% of the sites of 
100, 000 have found a need to ‘maintain garages. 


25, 000 

25-50,000 

50- 100 ,000 


38 


10-25,000 
25-50,000 
50-100,000. 


0-10,000 
10-25,000 = 
25-50,000 


50-100, 
Over 


0-10, 000 
10-25 000 
50-100 


 25-50,000 


(F) “Telephones | Installed at Site 


0-10 — 


2, | 10-25 


| Over 100,000 


7 


4 | 


a 
13 


- 


that res rest rooms, and locker mandatory for “sanitary” land 


Unfortunately, many of the sanitary landfills do not have available adequate 


sanitary facilities. The sites having basic conveniences for employees ranged 


_ from 25% for sites of less than 1 10, ( 000 » population to 51% for sites o of 50,000 to 
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‘Water has been demonstrated to be a an effective r ahi: of eatin ae 
"papers, dust and fires, as well as for sanitation. A potable water rane is 
needed for proper large scale landfill operations. 
= under pressure is available at 21% of the sites serving less than 10, 000 

page a at the larger installations operated by agencies withover _ 

100, 000 population, some 52% have water under pressure as s noted in Table + del >» 


as, only 13% of the less than 10,000 population landfill operations have avail- 
_ Methods of Financing.—In contrast to most public utilities, landfills nor 
need minor expenditures for equipment or 


Method of Financing Landfills | % of Landfills 
2 


Collection and fees 

General tax and dumping fees 

General tax and collection fees 
General tax, collection fees and dumping fees 
Dumping fees only 


"Distance from ‘Landfill to Nearest 
infeet 
(2) 


q 500-1000 
1000-2640 
| Over 2640 


er few fills appear to have 2 been financed by means of bond issues. 


“essary to purchase in advance suitable land areas financed by means of 


i This is afar more popular method than other methods of financing, shown in “~ 
| 6, such as: collection fees only; collections and dumping Sees; a 
‘tax and dumping fees; general tax and collection fees; general ‘tax, 
ees, and fees; and dumping fees only. 


7 a Over 57% of the reporting landfills are supported by general tax funds only. — . 


q 
| 
a 
4 
‘PABLE 7,—LANDFILL DISTANCE TO NEAREST DWELLING 
No, of Landfills - 
— 
In 
property owners normally are opposed to the establishment of a new site. a 


old-fashi 
- pression that has, unfortunately, been transferred to the ‘sanitary, fill. In ‘spite | 
br of these factors, there are my landfills established in residential areas with 
‘The distance of the reporting landfills from the nearest dwelling is enumer- — 
7 ated in Table 7. Most of the landfills (88%) are over ' 250 ft away from the 
nearest dwelling, although some 12% are operated within less than ‘ 250 ft aieael a. 


majority (55%) of the sites are in rural or suburban areas 
Te TABLE 8,—LANDFILL LOCATION ZC ZONE 


Rural or Suburban» | 


i 
Length of Haul, in miles of 


= 


(32%) of landfills reported that the haul some 1 to 2 
_ Relatively few landfills received average length of hauls greater than 7 miles. 
Some 1% of the landfills have lengths of hauls greater than 15 miles. Detailed 
information 
Py: The major costs of refuse disposal are incurred in collection and hauling; 
| it is therefore desirable to minimize the length of haul distance. A good eco- 
nomic evaluation for a disposal system will review: (a) the feasibility of in- _ 
creased hauling distance, (b) the use of refuse transfer stations, and _ the 


- additional costs for alternative, more costly refuse « disposal methods. 
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‘LANDFILL PRACTICES 
Public F Reaction. survey has demonstrated there are many oper- 
2) ating problems at sanitary landfills. Nevertheless, the sanitary landfill pro-— 
j-* cedures are basically so sound and simple tha that public: reaction, i1 in | most all 
has been favorable. 
of operations would eliminate troubles and promote good public relations. “a 
example, special access roadways connected via major thoroughfares are need- 
ed to handle large scale, slow-moving refuse collection vehicle traffic entering © 
a landfill; residential streets should not be used for access roads. i, ca 
AS shown in Table 10, sanitary landfills have achieved general acceptance | . 7 
by the public; whereas before starting operation, some — ne opposi- 


TABLE 10,—PUBLIC ACCEPTANCE BEFORE AND AFTER LA 


. | Publi 


ati. 


Vacant 

Open 

Excavation 

Swamp 

Wasteland 


Riverbank 
Industrial 
Lake 


o- cme ny was initiated, only 2% have still continued to r receive pt pub- 


Original Land Use. —A common belief is that landfills are largely located 

is 
in old existing quarries, swamps, or yr other wasteland sites; however, the de- 
‘Sirability of locating a landfill within economic refuse haul distance has resulted 

r -- most fills being constructed close-in, within vacant areasor adjoining agri- 
‘caltural land. _ The transportation savings that accrue may - enable a community 


to pay what might normally be considered an excessive price for a central - 


— 

= 

LL OPERATIONS 

eaction Before Operation Began of Landfills 

Public Reaction After Operation = 

Landfills a 

| 

land (20%), existing dumps and excavations. Common landuse conditions prior 
to landfill operation are shown in Table 
— 


gases can be generated for long periods of time, continuous settlement occurs, 

=" relatively little is ‘known about the future characteristics of reamed 
land. Experience indicates that a completed landfill can be safely used for 

ioe ‘parks, golf c courses, parking lots, agriculture, airports, as well ascertain other = 


4 4 the limiting conditions for both decomposing fill ‘refuse and adapting fill = 


ae The proposed land use for the completed landfills are reported in Table 12. 


The most popular use for landfills appears to be for recreational purposes in- a 
_ Cluding golf courses and parks. The second most popular application is for 


% f Landfill 


Recreation 
Industrial 
Homesites 
Airports 
Incinerators: 
Schools 
Refill 


Levees 
Highways 


q 


Purchase 


_CityOwned 
Leased 
Condemned 


industry, particularly as open entices and storage yard sites (18%). a 
About 39% of the landfills have no planned use, atthough agricultural, home- 7 
_ sites, airports, incinerators, school, refills, levees, and highway construction 
Acquisition o, of Sites.- .—The acquisition of sufficient ‘disposal sites’ is the ma ma- 
“for difficulty faced by most large cities. Metropolitan areas } normally do not 


have available sufficient land for long period refuse disposal. Many ne, ; 


ities prefer to go to alternative disposal systems such as incineration rather 2 ot 


As shown in Table 13, most 1 landfills were acquired by purchase (36%). 
sites are the second most popular location; w whereas, privately 


well 
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loaned and owned sites are used in some (18%) of the landfills. The leasing 
of private sites is done at 13% 0 of the locations. Condemnation isseldom prac- 
ticed and was resorted to at less than 1% of the reported fills. ee (ante ae 
Life Span.—The average and median estimated months of landfill life re- 
oe maining is shown in Table 14 for the various population groups served. 
«It is apparent that there was less than 8 yr remaining capacity (84 —— 4 
. in the average operating landfill. _ The average median disposal life for all of — 
; ait reporting fills is about 5 yr. The limited landfill capacity available at pve 
sites is indicative of minimum planning for future needs. Certainly most util- 
would be expected to have greater than 5 yr life 


TABLE 14 _—REMAINING FILL 


A y r E 
Popula ota | Group e age stimate ‘Months ns of Fi il ife Remaining = 


Median 


Sand and Clay 


"Clay and 

and Rock 


type soils because these materials are common and enable satisfactory 
landfill operations. The various soil types encountered are described in Table 
15. Rocky soils are obviously less adaptable for landfill use. Heavy clay type 
‘soils may shrink and expand excessively with moisture changes. Cracks that 4 
occur in an adobe or clay soil may open fissures that permit rodents and ver- 
min to have access to the buried refuse. Furthermore, these fissures enable — 
- combustible and partially stabilized gases to readily escape so that fire haz- — 
ards within an existing fill can occur. 
Depth to Ground Water. —Agencies concerned with ground water pollution 
control often do not permit construction of landfills directly within an existing — 
ground water aquifer. There is evidence that landfills may contribute some 
mineralization to the senenin water and that industrial wastes may thus pollute — 
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as to possible leaching action and subsequent pollution of the water table. a 
: “2 Over 79% of the landfills are reported in Table 16 as located within 20 ft of | 
ground water. Some 27% of the landfills must be operated at or near ground 
water as shown in the following Table. Ground water pollution by landfills has” 
often been considered a critical item; whereas, the survey indicates that in 
_ general site planning there has been minimum concern with ground water pol- — 
 Jution. However, as described in of the also report | 
‘ground water pollution problems. 


TABLE 16.—DEPTH TO GROUND W 


_ Depth to Ground ' Water, in feet 


TABLE 17. 17. —TYPES OF LANDFILL OPERATIONS | 


Used 


Type Use of Landfills: 


Area 


Trench and Area © 
Ramp and Area 
Trench, Ramp and Area 


Engineering —The general inadequacy of engineering planning for 
most landfills is also demonstrated by survey data describing the: (a) need - 
ter costly importation of earth cover, (b) inefficient use of existing landfill : 
disposal capacity, and (c) cost in regrading landfill sites to provide for i : 
ultimate use as golf course or building sites. It is commonplace to physically | 
remove certain existing landfills for new highways or ‘industrial tr ven 
advanced engineering - planning could have reduced these expenses. 
i Only 9.3% of the landfill sites reported that test ground borings were a 
_ prior to fill operations, 14% of the reporting fills have specially cigncered 
7 drainage devices. The use ' of hilly and mountainous canyons for landfills par- 
ticularly necessitates the use of engineered drainage facilities. In contrast, | a 
a some 92% of the landfills indicate that - they h have all- -weather access roads to 0 


the aquifer. en to dispose of industrial waste 
into landfills constructed above an existing ground water table. These land- 
3 
7 
a 
(1) 
{ 
4, 
" 
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Landfill Disposal Methods.—The application of a landfill system 
ts dependent on existing site topography as well as available soiland local ex- 
perience. In general, the type of disposal methods most suitable should be de- 
’ ae by means of engineering tests and know-how in order to enable al 
Trench, ramp, and area methods in the Sequence described are are the most > 
popular for landfill disposal as indicated in Table 17. aon) eae 35» 
pes of Refuse Collection Vehicles.—Most of the landfills reported that 7 
_ compactor type trucks are commonly used to deliver refuse, and only 12% of 
the” landfills stated that non- -compacting type vehicles provided their major _ 
 - Refuse Quantity Measurement.—Accurate determination of the quantity of 
refuse handled is necessary for dependable accounting records and cost deter- : 
- minations. Landfills that directly charge users for disposal privileges = 
d weighing s in order to and determine pay- 


Hof Landfills 


 0-10,000 
10- 25, 000 


E -50,000 


50-100,000 
Over 100,000 


i om nie of the reporting landfills including even the larger sites re- 
_ ported refuse quantity measurements were made by estimating volume. — 
curate weight measurements were made at less than 25% of the landfills as 


= in Table 18. Relatively few (4% to 33%) of the sites in the > different 
» 


‘ 


population — classifications did not attempt to determine the weight or volume 
of the disposed refuse. However, most all of the landfill operations, particu- 
larly the larger sites, have attempted s some type of refuse quantity —_ 

Compaction -Ratio.—Efficient landfilloperation implies both the obtaining 
“optimum compaction of refuse within the landfill and rapid refuse stabilization. _ 

There is need for research to determine the that control optimum 

on" The compaction ratio describes the original volume reduction achieved in 
the landfill incontrast to the trucked refuse volume. This compaction ratio is 
-_ reported in Table 19 as being 10:1 at 2 locations, whereas, most sites report 
landfill volume reduction ratios of between 2:1 to 3: las shown. The ay 
of the compaction ratio is dependent, of course, on the density of of the trucked 
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July, 1901 


7 cles. "Further indications are that the extent of initial compaction achieved is 

related to the compaction procedures including | addition of m moisture and 

Landfill Density.— —The landfill in-place refuse density was reported in 
cubic range described in Table 20 


‘Trucked volume g 
Compaction Ratio = No, of Landfills 1 


= 


20,—INITIAL FILL AFTER COMPACTION cron 


q 


of Landfills 


= 


8 per cu yd trols. The Te to normal soil densities that are about 2700 Ib per c cu fa | 


yd. The wide variation in filled compaction achieved clearly indicates that 
improved operating procedures: at oe would a greater al 
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FIG, 1.—NUMBER OF LIFTS AND DEPTH OF EACH 
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Indian mound;” however, in flat lands, the construction of an 
vated, park site can ‘be decorative. Hilly golf courses and parks have character. q 
Good public relation practice should provide for construction of earthen dykes, 
ree or other types of screens to prevent public observation of rou- 
ae _ Fig. 1 presents the plotted data for the number of lifts and the average —C 
4 depths of the individual lifts in feet, for the reporting landfills. The initial a 


of the fills v were normally inv proportional to the “number of 


The range in the depth of landfills per lift was from 1 ft to 400 ft. The onal ‘ 1 
‘fill depths or were the result of locations involving hillside and steep em-— 


> 


TABLE 21, EARTH COVER 


Depth of Daily Earth Cover, in inches o5e No, of Landfills 


Ne. 


‘ indicates that it was possible es conserve the soil and ‘achieve satisfactory 
operation withdeeper fills and a smaller number of lifts prior to reaching fin- 
ish elevation. The problems involved in constructing large uncompartmented 
a include fire control and the sanitary need to provide daily earth cover. 
‘sia Depth of Daily Earth Cover.—Earthcover requirements influence the quan- 
~ tity of excavated or imported earth and, thus the costs of operation and possi- 
- the life of a landfill. The optimum cover requirement should be carefully — 
a _ The amount of earth cover utilized daily to cover operating sanitary fills - 


was reported to range from an average of 2 in. to 2 ft of earth. (See Table 21) * 


popular earth cover are 4 in., 12 in., 18 in., and 24 in. 
Requiring Hauled-In Earth Cover. ~As has been pointed out. 


viously, it is generally costly and wasteful to haul in earth cover. ‘a? a 
Most operating landfills reported that they obtained necessary earth cover 
‘material from the site; the percentages of landfills requiring imported cover, 
as shown in 22, ranged from 15% to 32%. larger landfills serving 


and fll Depth.—A feasible method for increasing landfill capacityis 
4 
7 - of less than 20 ft for each lift. The success of the with each lift 
= 
| 
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LANDFILL. PRACTICES 
f aa sii of over 100, 000 had greater need for imported cover (32%) in con- 
trast to the 0- 10,000 population sites at which only 15% used a in pel 


"Landfills Permitting Burning.—Burning at landfills was not 


most major sites; whereas, it was common (52%) at smaller landfills ser- 
; > Za populations less than 10,000, A . detailed summary of the landfills | per- 
—mitting burning in relation to the population served is shown in Table 23. The 
= trend definitely appears to be toward abolition of | odoriferous see 


JE 22,—LAN EI 

3. | 25-50,000 


50-100, 


Population 


TABLE 24,—LANDFILLS PERMITTING SCAV ENGING 


Population Served 


0-10 
-10-25,000 
| 50-100,000 
100,000 


Landfills Per mitting enging. an unpopular operation and 
was not permitted at most landfill sites. As shown in Table 24, less than 30% 
i all the reporting I landfills in various categories still permit scavenging oper- 


ations. In contrast, Table 25 indicates that Salvage ( operations are only ney a 
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in smaller lan landfill ‘sites, municipal salvage 
- about as often as private salvage operations (19% and 17%, respectively). 

_ Landfill Operating Problems.—Blowing papers can best be controlled by 
‘means of both permanent and | temporary fencing, wetting with water to increase 
“a the weight of the paper and, obviously, by good housekeeping | practices euch 


TABLE 25,—SALVAGE OPERATIONS 


Not Private Salvage al 
Allowed Municipality Contract or 
~0-10,000 
10-25,000 x 
25-50,000 


-50-100,000 
Over 100, 000 


% of = 


Population 


as clean-up. Flies rodents are a nuisance that on exist ata 

Ee operated sanitary landfill. Numerous investigations have demonstrated | 
_ that with suitable earth cover of refuse, flies, rodents, and odors will not = 
‘Water hazards and traffic problems can be controlled by good engi- 

neering. 
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“still, the ‘most often (46%) reported landfill operating problem is that of 
7 “plowing 5 paper. Surprisingly enough, other common nuisances include flies, 
fires, rodents, odors and dust. _ Water pollution was described as an operating 
: difficulty at some six locations. A detailed summary of these operating prob- _ 


Working Hours. —The larger sites operated a greater number of. working 
hours than the ‘smaller as in The 


No. of Landfills of Landfills 


0-10,000 
-25,000 
25-50,000 


TABLE 29.—LANDFILLS OPEN FOR UNLOADING AFTER DISPOSAL 


Served No. a Landfills 


00 


All Fills 


TABLE 30,—SITE FENCING 


Served | No. of Landfills 7 of Landfilis. 

0- 10 ,000 


25, 000 
-50,000 


50-100,000 
Over 100, 000 


were open from a minimum of ee per week to ; a maximum 1 of 168 hrs per 


Special winter landfill practices are required ; at 33% of the reporting sites 


as shown in Table 28. Other landfills do not r require any special winter prac- a 
oe tices such as earth stock-piling or additional special disposal operations. = 


= 
. 
~ 
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f Py wa of the total landfills are open for refuse disposal after landfill ped tte = 


Population 


0-10,000° 
; 10-28, 000 
| 25-50,000 
Over 100, 000 


Acres per 10,000 Population 


0-10,000 


25-50, 000 


Over 100,000 0.30 0.40 


TABLE : 33, ~GOVERNMENTAL REGULATIONS OF LANDFILLS» 


— ution Served 
opula ion erve io of Land- 


ii 


only 36 6% of | the serving 00, 000 popelation were 


a Annual Operating Costs. —The low cost of sanitary landfill operations is 
confirmed by the experience at many existing fills. Because of this cost ~<a 


TABLE 31,—ANNUAL PER CAPITAOPERATING COSTS 

j 

= 

5 

g 

| 

| 

. e. tions in order to increase the life expectancy of the fill and the recla pation of 7 


= 


4 quired from 0.3 to 0.4 acres per 10,000 population per yr, as shown in Table _ 


LANDFILL 


_ The per capita annual operating costs are reviewed in n Table 31. “The la larger 
2 landfills have definitely lower operating costs than do the smaller sites. The - 4 


iz less than 10,000 population group fills reported a minimum-maximum range of q 


$0.33 to $1. 20; whereas, the over 100,000 population group had a minimum- : 
-g maximum annual operating cost per capita of $0.07 to $0.50, respectively. ree j 
7 


Landfill Acreage Consum; 5tion. —The larger landfills reported th that they 


32. In contrast, the less than 10,000 population fills required 5 times as much 
‘me It is believed that is is due to the e larger fills ~— operated both more = 


an TABLE 34,- —LANDFILL TECHNICAL PLANNING ADVICE RECEIVED FROM 


‘Health Dept. 


10-25 
25-50,000 


50-100,000 
Over 100,000 


Population Served i 
(0-10,000 


10- “25,000 
-25-50,000 


—50-100,000 
100, 000 


Population Served 

10,000 
25, 000 
25- -50, 000 

100,000 

Over 100,000 


efficiently and with in order to cons 


— Governmental Regulations .—Most landfills (over 70%) as shown in 


Table 33, operated some of municipal or county Local 
con- 


| 
| 
& 
Population Health Dept. | Health Dept. Consultants 
No. | % | No. | % | 
| No. | % | Now | % | No. | % | Now| 
3. 16 | 29 14 | 25 29 | 53 | — 
a 4, | 13 | 37 2] 6 
No, of Landfills | %of Landfills 
— 
| mited available 
| 


advice is most 
: commonly provided by the State Health Department for the smaller sites and 
the local City Health Department forthe larger fills. Private consultants were 
= at 2% to 15% of the installations serving various populations. — Table 34. 
contains detailed data concerning technical planning. 
Less than 35% of the landfills had an initial master plan. Surprisingly, the 4 
a population centers of over 100,000 persons are most deficient with onl . 
2 requiring a master plan for their operation. The need for improved tech- 
_ Future Landfill Site Disposal Capacity.—The estimated life of lands avail- 
able for sanitary fill operations is shown in Table 36. The median landfill — 
yy availability for all the five categories of population served was 10 yr to 11 yr. 
ae statistical information is surprisingly uniform in light of the fact that in 
ea ‘Population centers have commonly reported a lackof sufficient available —- 
sties. Planning experience indicates that by use of transfer sta- 


ane 
de variation in their operating practices has indicated that additional engi- — 
neering and planning would conserve funds, available lands and reduce preset 
and future operating problems. The technical report has been presented inou ' 
line form and should be referred toas a detailed summary containing both d 
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a and are being found to serveat least a portionof most metropolitan refuse dis- j ; 
i 

— 
a 
| 

— 


duly, 


he 


Note.—This paper 1S a part Of the copyrighted Journal of the Sanitary Engineering 


| 


iG. “ARONSON, 5 A.M. Ml. ASCE. —New York City’s water enthusiasts 
look forward to a future with fewer beach pollution hazards, if the authors’ 
proposals were adopted, ‘such as, “the use of retention basins for the chlori-. 
nation and the removal of floating solids from the intermittent discharges of 
sewage overflows. ” But several questions require 


investigation of Diversion Chamber with Non-moving Parts. —New York 
_ City’s combined sewer system intercepts the dry-weather sanitary flow . 
means of chambers with: moving: parts . Because of the moving parts, the 
chambers are subject to heavy maintenance “_ stoppage from solids carried — 
If the stoppage occurred with the chamber an open position, then 
the retention basin would receive only a portion of the storm flow, with the 
remainder intercepted, carried to, possibly overloading the tyentanent 
plant, or bypassing the plant without | any treatment. Thus, in effect, raw a 
sewage discharge would be eliminated at the ‘combined sewer outfall, but it 
would continue at the treatment plant outfall, - 
2 the diversion chamber stoppage occurred with the gate ina closed posi- 
tion, then the retention basin pump would require continuous operation during» 
7 dry weather flow, and there would be an undesirably high degree of raw sewage 
- To date (1961), limited information of design value is available on control- 
devices without moving parts. view of the large expenditure necessary for 
the construction of retention basins, this might be an appropriate time for 
New York City to enlarge the studies oncontrol devices without moving parts. 
Location of the Retention Basins.—From an esthetic point of view, it may 
be necessary to locate the basins undesirably | close to residential and recre- 


ation areas. This proximity could be one of the reasons “9 the sites and a 


_ a January 1961, by Samuel A. Greeley and Paul E. Langdon (Proc. Paper 2718). 
5 Hydr. Engr., E. Lionel Pavlo, New York, 
*” “Chlorination Of Mixed Sewage And Shem Water,” by T. R. eaniaiel Proceedings, 


ASCE, Vol. 87, No. SA 1, 1961. 


STORM WATER AND COMBINED SEWAGE OVERFLOWS* =f 
4 
q 
| 
t 
| 
q 
j _ = The authors suggest a chlorine contact period of 15 min. A reduction wy 
i «10 min, in conjunction with a higher chlorine dosage would provide adequate = 
chlorination,§ and would permit the reductionofbasinsizes to more adaptable 
Tides.—The affect on the retention basin operation of extreme high 
_ tides in combination with maximum storm runoff should be investigated. _ ; 
RA) 
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‘Would the additional cost of basins capable of “accommodating these 


Alternate Solutions. —Other proposals could be: 


a. Extending the combined se sewer outfall so as to prevent | sewage sutege client ul 

from 1 reaching bathing areas in dangerous concentrations. 
a b. . Huge underwater septic tanks—real estate problems would be reduced, — 
construction costs would be higher, and maintenance costs would be lower. 
- Surface scum would be removed at regular intervals. Chlorination should be | 
_ given at the septic tank effluent at the beginning of an outfall of a anne suffi- 
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